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if3)  Electrostatic  precipitator  apparatus  having  an  improved  ion  generating  means. 
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(§7)  A  multi-stage  system  is  diclosed  for  removing  particles 
from  a  gaseous  medium  and  comprises  an  upstream 
precipitating  stage  (10)  of  spaced  corona  discharging  wires 
between  parallel  collecting  plates,  followed  by  a  down- 
stream  precipitating  stage  (12)  having  one  or  more 
electrically  charged  shells  (30)  with  flat  sides  generally 
parallel  to  collecting  side  plates  (24,  26)  for  providing  a 
uniform  electric  field  in  the  medium  carrying  space,  the 
sides  of  the  shell  having  openings  (56)  through  which  ions 
generated  in  the  interior  pass  into  the  gaseous  medium.  A 
corona  discharge  apparatus  (62,  64,  68)  inside  the  shell 
produces  the  ions  at  predictable,  generally  uniformly 
spaced  locations.  Alternative  embodiments  of  the  system 
include  another  stage  located  ahead  of  the  upstream  stage 
for  removing  the  larger  particles  in  the  gaseous  medium 
which  can  comprise  a  gravitational  precipitator,  a  cyclone 
separator,  a  low  voltage  electrostatic  precipitator  or  a  low 
voltage  ion  beam  generator.  A  further  embodiment  of  the 
system  includes  a  downstream  electrostatic  precipitator 
stage  for  recharging  and  removing  particles  which  may 
become  reentrained  in  the  gaseous  medium  after  initial 
collection  thereof. 
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The  p r e s e n t   i n v e n t i o n   g e n e r a l l y  r e l a t e s   to  t h e  

f i e l d   of  e l e c t r o s t a t i c   p r e c i p i t a t i o n   a p p a r a t u s   f o r  

r e m o v i n g   d u s t   and  o t h e r   p a r t i c l e s   f rom  a  g a s e o u s   m e d i u m ,  

s u c h   as  i n d u s t r i a l   f l u e   g a s e s   and  o t h e r   e f f l u e n t s .  

E l e c t r o s t a t i c   p r e c i p i t a t o r s   have   been   among  t h e  

many  d e v i c e s   t h a t   have   been   d e v e l o p e d   f o r   r e m o v i n g  

a i r - b o r n e   d u s t   and  o t h e r   p a r t i c l e s   f rom  a  g a s e o u s   m e d i u m  

p r i o r   to  t h e   d i s c h a r g e   of  t he   med ium  i n t o   t h e  

a t m o s p h e r e .   T h e s e   p r e c i p i t a t o r s   t y p i c a l l y   r e m o v e  

p a r t i c l e s   f rom  t he   g a s e o u s   med ium  by  p a s s i n g   i t   t h r o u g h  

a  c h a m b e r   in  w h i c h   i o n s   a r e   g e n e r a t e d   by  a  c o r o n a  

d i s c h a r g e .   The  i o n s   c o l l i d e   and  c o m b i n e   w i t h   t h e   d u s t  

p a r t i c l e s   and  e l e c t r i c a l l y   c h a r g e   the   p a r t i c l e s   as  t h e y  

p a s s   t h r o u g h   t he   c h a m b e r .   A d d i t i o n a l l y ,   t he   e l e c t r i c  

f i e l d   a s s o c i a t e d   w i t h   t h e   g e n e r a t i o n   of  i o n s   w i t h i n   t h e  

c o l l e c t i o n   c h a m b e r   e x e r t s   a  f o r c e   upon  t he   c h a r g e d   d u s t  

p a r t i c l e s   and  d r i v e s   them  t o w a r d   a  c o l l e c t i o n   p l a t e   o r  

e l e c t r o d e   t h a t   has   an  a p p l i e d   p o t e n t i a l  o f   o p p o s i t e  

p o l a r i t y   r e l a t i v e   to  t h e   c h a r g e d   p a r t i c l e s .   D e s i r a b l y ,  

m o s t   d u s t   p a r t i c l e s   w i l l   become   c h a r g e d   and  c o l l e c t e d   o n  

the   c o l l e c t i o n   p l a t e   so  t h a t   t he   g a s e o u s   med ium  i s  

d i s c h a r g e d   i n t o   t h e   a t m o s p h e r e   w i l l   h a v e   been   w e l l  

c l e a n e d .  

In  t he   o p e r a t i o n   of  m o s t   p r i o r   a r t  

e l e c t r o s t a t i c   p r e c i p i t a t o r s   as  w e l l   as  t he   i n v e n t i o n  

d e s c r i b e d   h e r e i n ,   d u s t   p a r t i c l e s   w h i c h   c o m b i n e   w i t h   i o n s  

t a k e   on  t he   same  c h a r g e   as  t h e   i o n s .   When  a  d u s t  

p a r t i c l e   b e c o m e s   c h a r g e d   and  has   t he   same  c h a r g e   as  t h e  

i o n ,   o t h e r   i o n s   of  t he   same  s i g n   a r e   r e p e l l e d   by  i t ,  

t h e r e b y   m a k i n g   i t   more  d i f f i c u l t   f o r   o t h e r   i o n s   of  t h e  

same  s i g n   to  add  e l e c t r i c a l  c h a r g e s   to  t he   p a r t i c l e .  

For  a  g i v e n   e l e c t r o s t a t i c   f i e l d   s t r e n g t h   and  a  g i v e n  

s i z e   of  d u s t   p a r t i c l e   t h e r e   w i l l   be  a  l i m i t   b e y o n d   w h i c h  



t h e   d u s t   p a r t i c l e   w i l l   no  l o n g e r   a c c e p t   a d d i t i o n a l  

c h a r g e s   by  f i e l d   c h a r g i n g .   A  maximum  c h a r g e   w h i c h   c a n  

be  a c q u i r e d   by  d u s t   p a r t i c l e s   in  f i e l d   c h a r g i n g   i s   N s 
g i v e n   by  t h e   e q u a t i o n  

w h e r e i n - N s   i s   t he   s a t u r a t i o n   n u m b e r   of  e l e c t r o n i c  
s  

c h a r g e s ,   E  is   t h e   a p p l i e d   e l e c t r i c   f i e l d   in  kV  p e r  

c e n t i m e t e r ,   D  is   t h e   p a r t i c l e   d i a m e t e r   in  m i c r o n s   and  e 

is   t he   p a r t i c l e   d i e l e c t r i c   c o n s t a n t .  

The  a b o v e   e q u a t i o n   i n d i c a t e s   t h e   c h a r g e   l i m i t  

of  b o t h   l a r g e   and  s m a l l   d i a m e t e r   d u s t   p a r t i c l e s   i s  

e s s e n t i a l l y   a  f u n c t i o n   of  t he   e l e c t r i c   f i e l d   s t r e n g t h .  

I t   i s   a p p a r e n t   t h a t   i t   i s   d e s i r a b l e   to  i n c r e a s e   t h e  

e l e c t r i c   f i e l d   to  t he   p o i n t   a t   w h i c h   m o s t   p a r t i c l e s   w i l l  

be  s u f f i c i e n t l y   c h a r g e d   so  t h a t   t h e y   w i l l   be  c o l l e c t e d  

on  a  c o l l e c t i o n   p l a t e   or  e l e c t r o d e   and  n o t   be  e x p e l l e d  

i n t o   t h e   a t m o s p h e r e ,   i t   b e i n g   u n d e r s t o o d   t h a t   i t   i s  

e x t r e m e l y   d i f f i c u l t   to  c o l l e c t   a l l   p a r t i c l e s ,   due  t o  

t u r b u l e n c e   and  o t h e r   f a c t o r s .   H o w e v e r ,   in  c o n v e n t i o n a l  

e l e c t r o s t a t i c   p r e c i p i t a t o r s ,   t h e   a v e r a g e   e l e c t r i c   f i e l d  

w i t h i n   t h e   c o l l e c t i o n   c h a m b e r   is   g e n e r a l l y   l i m i t e d   t o  

a b o u t   4  kV/cm  b e c a u s e   of  t h e   m a n n e r   in  w h i c h   t h e   i o n s  

a r e   g e n e r a t e d .   T y p i c a l l y   s u c h   p r e c i p i t a t o r s   i n c l u d e   a  

c o r o n a   d i s c h a r g e   d e v i c e   w i t h i n   t h e   c o l l e c t i o n   c h a m b e r  

f o r   g e n e r a t i n g   the   i o n s   w i t h   t he   c o r o n a   d i s c h a r g e   b e i n g  

p r o d u c e d   by  a  h i g h   p o t e n t i a l   a p p l i e d   to  an  e l e c t r o d e  

s u c h   as  a  t h i n   w i r e .   As  a  r e s u l t ,   t h e   c o l l e c t i o n  

c h a m b e r   g e n e r a l l y   e x p e r i e n c e s   a  h i g h l y   n o n u n i f o r m  

e l e c t r i c   f i e l d   t h a t   has   a  low  a v e r a g e   v a l u e .   The  l o w  

a v e r a g e   v a l u e   f o r   t h e   e l e c t r i c   f i e l d   w i t h i n   t h e  

c o l l e c t i o n   c h a m b e r   i s  u n d e s i r a b l e   b e c a u s e   i t  



l i m i t s   t he   d e g r e e   to  w h i c h   p a r t i c l e s   w i t h i n   the   c h a m b e r  

can   be  e f f e c t i v e l y   c h a r g e d   and  r e d u c e s   t h e i r   d r i f t  

v e l o c i t y   t o w a r d s   t h e   c o l l e c t i n g   p l a t e s .  

H o w e v e r ,   U . S .   p a t e n t s   to  A l a n   C.  Kolb   and  J a m e s  

E.  Drummond,   Nos .   4 , 0 7 1 , 3 3 4   and  4 , 0 7 0 , 1 5 7   e n t i t l e d   A 

M e t h o d   and  A p p a r a t u s   f o r   P r e c i p i t a t i n g   P a r t i c l e s   f rom  a  

G a s e o u s   E f f l u e n t ,   w h i c h   a r e   a s s i g n e d   to  t he   s a m e  

a s s i g n e e   as  t he   p r e s e n t   i n v e n t i o n ,   e a c h   d i s c l o s e   a  

p r e c i p i t a t i o n   a p p a r a t u s   w h i c h   has   a  g e n e r a l l y   h i g h  

u n i f o r m   e l e c t r i c   f i e l d   w i t h i n   t he   c h a r g i n g   c h a m b e r   a n d  

i o n s   g e n e r a t e d   by  i n d e p e n d e n t   m e a n s ,   s u c h   as  a  

t h e r m i o n i c   ion  e m i t t e r   or  an  e l e c t r o n   beam  g e n e r a t o r ,  

t h e   l a t t e r   of  w h i c h   i s   s e a l e d   f rom  t he   ma in   c h a r g i n g  

c h a m b e r   and  d i r e c t s   a  beam  of  a  e l e c t r o n s   i n t o   t h e  

c h a r g i n g   c h a m b e r   f o r   i o n i z i n g   m o l e c u l e s   t h e r e i n   and  f o r  

c h a r g i n g   t he   d u s t   p a r t i c l e s   w i t h i n   t h e   g a s e o u s   e f f l u e n t .  

The  i n d e p e n d e n t   g e n e r a t i o n   of  t he   i o n s   by  m e a n s  

o t h e r   t h a n   t h a t   w h i c h   p r o d u c e s   t he   e l e c t r i c   f i e l d  

e n a b l e s   a  s t r o n g e r ,   more   u n i f o r m   e l e c t r i c   f i e l d   to  b e  

e s t a b l i s h e d   w i t h i n   t h e   a p p a r a t u s   and  p e r m i t s   i n d e p e n d e n t  

c o n t r o l   o y e r   t h e   i o n s   t h a t   a r e   g e n e r a t e d   to  p r o d u c e   t h e  

c h a r g i n g   of  t he   p a r t i c l e s   of  t he   e f f l u e n t   t h a t   is   to  b e  

c l e a n e d .   W h i l e   t he   a p p a r a t u s   d i s c l o s e d   in  t h e  

a b o v e - r e f e r e n c e d   Ko lb   and  Drummond  p a t e n t s   r e p r e s e n t s  

s i g n i f i c a n t   i m p r o v e m e n t s   o v e r   t he   t y p e   of  a p p a r a t u s   t h a t  

u t i l i z e s   a  t h i n   w i r e   or  t h e   l i k e   f o r   c r e a t i n g   b o t h   t h e  

c o r o n a   d i s c h a r g e   and  e s t a b l i s h i n g   t he   e l e c t r i c   f i e l d   i n  

t h e   d e v i c e ,   s u c h   a p p a r a t u s   c h a r g e s   t h e   p a r t i c l e s   a n d  

a l s o   s u b j e c t s   t he   c h a r g e d   p a r t i c l e s   to  an  e l e c t r i c   f i e l d  

to  f o r c e   them  o n t o   a  c o l l e c t o r   p l a t e   in  t h e   s a m e  
c h a m b e r .   The  e l e c t r i c a l   f o r c e   i s   d i r e c t l y   p r o p o r t i o n a l  

to  t he   c h a r g e   of  t h e   p a r t i c l e   and  t h e   s t r e n g t h   of  t h e  

c o l l e c t i n g   f i e l d ,   E c o l l '   and  t h e   c h a r g e   on  t h e  

p a r t i c l e   is   d i r e c t l y   p r o p o r t i o n a l   to  t he   s t r e n g t h   of  t h e  

f i e l d   in  w h i c h   t he   p a r t i c l e   i s   c h a r g e d ,   ECh.  Thus   t h e  



f o r c e ,   and  h e n c e   t h e   e f f e c t i v e n e s s   of  t he   s y s t e m ,   i s  

p r o p o r t i o n a l   to  t h e   p r o d u c t   of  t h e   two  f i e l d   s t r e n g t h s ,  

i . e . ,  

W h i l e   i t   i s   d e s i r a b l e   to  make  b o t h   of  t h e s e   f i e l d s   a s  

h i g h   as  p o s s i b l e ,   t h e r e   a r e   two  d i s t i n c t   p r o b l e m s   t h a t  

a r e   g e n e r a l l y   e x p e r i e n c e d ;   t he   c h a r g i n g   f i e l d   m u s t   b e  

s u f f u s e d   w i t h   a  s u p p l y   of  i o n s   to  e f f e c t   c h a r g i n g   and  a  

h i g h   f i e l d   a t   t h e   c o l l e c t o r   p l a t e   t e n d s   to  p u l l   t h e   d u s t  

p a r t i c l e s   o f f   of  t he   p l a t e   and  r e e n t r a i n   t h e m .   T h i s   i s  

due  to  t h e   f a c t   t h a t   a f t e r   t h e   d u s t   p a r t i c l e   l a n d s ,   i t  

g i v e s   up  i t s   c h a r g e   and  i s   r e c h a r g e d   w i t h   t h e   o p p o s i t e  

p o l a r i t y   so  t h a t   i t   a c q u i r e s   a  r e v e r s e   f o r c e .   I n  

c o n v e n t i o n a l   w i r e   p l a t e   p r e c i p i t a t o r   a p p a r a t u s ,   b o t h  

p r o b l e m s   a r e  s o l v e d   s i m u l t a n e o u s l y   by  t he   c o r o n a  

d i s c h a r g e   w i r e   w h i c h   p r o v i d e s   t he   i o n s   f o r   c h a r g i n g   t h e  
a i r - b o r n e   p a r t i c l e s   and  a l s o   p r o v i d e s   a  c o n t i n u o u s  

s u p p l y   of  i o n s   a t   t h e   c o l l e c t e d   d u s t   l a y e r   to  i n h i b i t  
r e e n t r a i n m e n t   by  m a i n t a i n i n g   a  c h a r g e   of  t he   o r i g i n a l  

s i g n ,   w h i c h   may  be  r e f e r r e d   to  as  t h e   p i n - o n   c u r r e n t .  

H o w e v e r ,   t h e   d i s a d v a n t a g e   of   t he   a r r a n g e m e n t   i s   t h a t   o f  

e x p e r i e n c i n g   r e d u c e d   e l e c t r i c   f i e l d s ,   b o t h   Ech  a n d  

E C o l l ,   b e c a u s e   t he   c o r o n a   p r o c e s s   n e c e s s i t a t e s   a  

h i g h l y   n o n u n i f o r m   f i e l d   and  a  n o n u n i f o r m   f i e l d   e x h i b i t s  

s p a r k   b r e a k d o w n   a t   l o w e r   a v e r a g e   f i e l d   s t r e n g t h s   t h a n   a  
u n i f o r m   f i e l d .  

S p a r k   b r e a k d o w n   g e n e r a l l y   s e t s   t he   l i m i t   of  t h e  

maximum  p a r t i c l e   e l e c t r i c   f i e l d   in  t h a t ,   as  t he   f i e l d   i s  

i n c r e a s e d ,   t he   p r o b a b i l i t y   of  s p a r k i n g   a l s o   i n c r e a s e s   s o  
t h a t   a t   some  p o i n t   s p o r a d i c   s p a r k i n g   s e t s   i n ,   a t   a  r a t e  
t h a t   i n c r e a s e s   as  t he   f i e l d  c o n t i n u e s   to  i n c r e a s e ,   u n t i l  

i t   b e c o m e s   s o  f r e q u e n t   t h a t   t he   t i m e - a v e r a g e   f i e l d  

d e c l i n e s   or  t h e   power   d e m a n d s   of  t h e   a p p a r a t u s   b e c o m e  



p r o h i b i t i v e .   G e n e r a l l y ,   t h e   e l e c t r i c   f i e l d   of  m o d e r n  

c o n v e n t i o n a l   e l e c t r o s t a t i c   p r e c i p i t a t o r s   is  k e p t   a t   a  

p o i n t   w h e r e   s p a r k i n g   o c c u r s   a t   t h e   r a t e   of  a b o u t   o n e  

s p a r k   pe r   s e c o n d .  

In  a  p e r f e c t l y   u n i f o r m   e l e c t r i c   f i e l d ,   u n d e r  

c l e a n   c o n d i t i o n s ,   a t   room  t e m p e r a t u r e ,   and  s ea   l e v e l  

p r e s s u r e ,   w i t h   o n l y   n a t u r a l   b a c k g r o u n d   i o n i z a t i o n ,   t h e  

b r e a k d o w n   l i m i t   is   g e n e r a l l y   w e l l   r e c o g n i z e d   to  be  a t  

a b o u t   30  kV/cm.   Many  f a c t o r s ,   i n c l u d i n g   t he   i n c r e a s e   i n  

t e m p e r a t u r e ,   t he   r e d u c t i o n   in  p r e s s u r e ,   t he   p r e s e n c e   o f  

d i r t ,   t h e   i n c r e a s e d   ion  d e n s i t i e s   and  i n c r e a s e d  

n o n u n i f o r m i t y ,   a l l   l o w e r   t h e   b r e a k d o w n   s t r e n g t h   as  w e l l  

as  i n c r e a s e   i t s   s p r e a d .   T y p i c a l   p r e c i p i t a t o r   c o n d i t i o n s  

c o m p r i s e   a  t e m p e r a t u r e   of  a b o u t   3 5 0 ° F . ,   15  to  21  i n c h e s  

( w a t e r )   p r e s s u r e   r e d u c t i o n   and  t h e   p r e s e n c e   of  d u s t ,   a l l  

of  w h i c h   a r e   u n a v o i d a b l e   and  w h i c h   l o w e r   t he   u n i f o r m  

f i e l d ,   i o n - f r e e   b r e a k d o w n   to  a  l e v e l   of  a b o u t   17  k V / c m .  

The  a d d i t i o n   of  i o n s   and  t h e   i n t r i n s i c   f i e l d  

n o n u n i f o r m i t y   of  a  c o n v e n t i o n a l   w i r e / p l a t e   p r e c i p i t a t o r  

l o w e r   t he   mean  f i e l d   s t r e n g t h   s t i l l   f u r t h e r   to  a  l e v e l  

of  a b o u t   4-5  k V / c m .  

The  use  of  a  s i n g l e   s t a g e   f o r   c h a r g i n g   a n d  

c o l l e c t i n g   t he   p a r t i c l e s   h a s   b e e n   g e n e r a l l y   f e l t   to  b e  

s u p e r i o r   to  two  s t a g e   a r r a n g e m e n t s   w h i c h   c h a r g e   t h e  

p a r t i c l e s   in  a  f i r s t   c o r o n a   s t a g e   and  c o l l e c t   them  in  a  

s e c o n d   n o n c o r o n a   s t a g e ,   p r o b a b l y   b e c a u s e   of  t h e   p r o b l e m  

of  back   c o r o n a   in  t h e   f i r s t   s t a g e   and  d u s t   r e e n t r a i n m e n t  

in  t he   s e c o n d   s t a g e   w h i c h   can   be  e x t e n s i v e   in  p r i o r   t w o  

s t a g e   a r r a n g e m e n t s   ( e . g .   s ee   pp .   3 4 - 3 5   in  t he   t e x t b o o k  

" I n d u s t r i a l   E l e c t r o s t a t i c   P r e c i p i t a t i o n "   by  H.  J .   W h i t e ,  

1 9 6 3 ) .  

From  the   f o r e g o i n g   d i s c u s s i o n   of  t he   m a n y  

p h e n o m e n a   t h a t   n e e d  t o   be  t a k e n   i n t o   c o n s i d e r a t i o n   i n  

r e m o v i n g   p a r t i c l e s   f rom  a  g a s e o u s   e f f l u e n t ,   t o g e t h e r  

w i t h   t he   many  p r o b l e m s   t h a t   a r e   e x p e r i e n c e d   w i t h  



c o n v e n t i o n a l   e l e c t r o s t a t i c   p r e c i p i t a t o r s ,   i n c l u d i n g  

s i n g l e   s t a g e   and  two  s t a g e   a r r a n g e m e n t s ,   i t   s h o u l d   b e  

a p p a r e n t   t h a t   p r e c i p i t a t i n g   a p p a r a t u s   t h a t   o p e r a t e s   t o  

r e m o v e   p a r t i c l e s   w i t h   t he   e f f i c i e n c y   t h a t   may  b e  

r e q u i r e d   by  g o v e r n m e n t a l   r e g u l a t i o n s   has   h e r e t o f o r e   b e e n  

d i f i c u l t   to  a t t a i n   a t   a  r e a s o n a b l e   c o s t   and  u s i n g   a  

r e a s o n a b l e   a m o u n t   of  p h y s i c a l   s p a c e .  

The  p r e s e n t   i n v e n t i o n   can   be  b r o a d l y   s u m m a r i z e d  

as  a  s y s t e m   in  w h i c h   m u l t i p l e   s t a g e s   a r e   u t i l i z e d ,   w i t h  

e a c h   s t a g e   p e r f o r m i n g   a  p r i m a r y   f u n c t i o n   and  t h e  

m u l t i p l e   s t a g e s   o p e r a t i n g   s y n e r g i s t i c a l l y   to  p r o v i d e  

s i g n i f i c a n t l y   i m p r o v e d   o v e r a l l   r e s u l t s .   The  p r e s e n t  
i n v e n t i o n   u t i l i z e s   an  u p s t r e a m   s t a g e   c o m p r i s e d   of  a  

g e n e r a l l y   c o n v e n t i o n a l   e l e c t r o s t a t i c   p r e c i p i t a t o r  

a p p a r a t u s   of  t h e   t y p e   u t i l i z i n g   a  s e r i e s   of   c o r o n a  

d i s c h a r g e   w i r e s   and  a c c o m p a n y i n g   p a r a l l e l   c o l l e c t o r  

p l a t e s ,   f o l l o w e d   by  a  d o w n s t r e a m   s t a g e   w h i c h  

i n c o r p o r a t e s   an  i m p r o v e d   ion   g e n e r a t i n g   m e a n s   t h a t  

p r o v i d e s   a  s u f f i c i e n t   ion   c u r r e n t   d e n s i t y   as  w e l l   as  a  

g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d ,   in  t h e   m a n n e r   w h e r e b y  

e a c h   can   be  g e n e r a l l y   i n d e p e n d e n t l y   c o n t r o l l e d   a t   t h e  

a p p r o p r i a t e   l e v e l .   M o r e o v e r ,   t he   d o w n s t r e a m   r e g i o n  

e f f e c t i v e l y   c h a r g e s   t he   p a r t i c l e s   t h a t   a r e   e i t h e r  

u n c o l l e c t e d   or  r e e n t r a i n e d   and  c o l l e c t s   t h o s e   p a r t i c l e s  

a f t e r   t h e y   h a v e   b e e n   c h a r g e d .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t he   p r e s e n t  
i n v e n t i o n   to  p r o v i d e   an  i m p r o v e d   m u l t i - s t a g e  

p r e c i p i t a t i n g   a p p a r a t u s   w h i c h   u t i l i z e s   an  i m p r o v e d   i o n  

g e n e r a t i n g   means   f o r   i n t r o d u c i n g   u n i p o l a r   i o n s   i n t o   t h e  

g a s e o u s   e f f l u e n t   and  f o r   g e n e r a t i n g   a  u n i f o r m   e l e c t r i c  

f i e l d   in  t he   r e g i o n   b e t w e e n   t h e   c o l l e c t o r   p l a t e  

s t r u c t u r e   and  t he   ion  g e n e r a t i n g   m e a n s   w h e r e  t h e   m e d i u m  

is   f l o w i n g   t h r o u g h .  

A  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   a  m u l t i - s t a g e   p r e c i p i t a t i n g   a p p a r a t u s   w h e r e i n  



t h e   d o w n s t r e a m   r e g i o n   has   a  h i g h   u n i f o r m   e l e c t r i c   f i e l d  

and  w h e r e i n   t he   ion   c u r r e n t   d e n s i t y   in  t he   d o w n s t r e a m  

r e g i o n   can   be  s u f f i c i e n t l y   s m a l l   to  c o n t r o l   b a c k   c o r o n a  

w i t h o u t   any  p e n a l t y   in  t he   r e d u c t i o n   of  t h e   a v e r a g e  
f i e l d   and  s t i l l   be  s u f f i c i e n t   to  h o l d   c o l l e c t e d  

p a r t i c l e s   to  t he   c o l l e c t i n g   p l a t e   s t r u c t u r e   p r i o r   t o  

r e m o v a l   of  t h e   p a r t i c l e s   f rom  the   c o l l e c t i n g   p l a t e  

s t r u c t u r e .  

A n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   an  i m p r o v e d   p r e c i p i t a t i n g   a p p a r a t u s   w h i c h  

i n c o r p o r a t e s   an  ion   g e n e r a t i n g   means   t h a t   has   a n  

i m p r o v e d   c o r o n a   d i s c h a r g e   a p p a r a t u s   w i t h i n   i t .  

S t i l l   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

is   to  p r o v i d e   an  i m p r o v e d   p r e c i p i t a t i n g   a p p a r a t u s   t h a t  

i n c l u d e s   a  d o w n s t r e a m   r e g i o n   t h a t   u t i l i z e s   an  i m p r o v e d  

ion  g e n e r a t i n g   m e a n s   w h i c h   w i t h   t he   p r e c i p i t a t i n g  

a p p a r a t u s   a c h i e v e s   s u p e r i o r   o p e r a t i n g   r e s u l t s   in  t e r m s  

of  power   e f f i c i e n c y   and  o v e r a l l   p a r t i c l e   r e m o v a l   f r o m  

t h e   g a s e o u s   m e d i u m .  

A  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   to  p r o v i d e  

a  m u l t i - s t a g e   p r e c i p i t a t i n g   a p p a r a t u s   t h a t   may  i n c l u d e  

an  u p s t r e a m   p r e c i p i t a t o r   s t a g e   d e s i g n e d   f o r   r e m o v i n g   t h e  

l a r g e r   p a r t i c l e s   f rom  t h e   g a s e o u s   m e d i u m .  

A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

p r o v i d e   a  m u l t i - s t a g e   p r e c i p i t a t i n g   a p p a r a t u s   t h a t   m a y  
i n c l u d e   a  g r a v i t a t i o n a l   p r e - p r e c i p i t a t o r   s t a g e   u p s t r e a m  

of  an  e l e c t r i c a l   p r e c i p i t a t i n g   r e g i o n .  

A  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   is   to  p r o v i d e  

a  m u l t i - s t a g e   p r e c i p i t a t i n g   a p p a r a t u s   w h i c h   may  i n c l u d e  

a  f i n a l   d o w n s t r e a m   e l e c t r o s t a t i c   p r e c i p i t a t o r   s t a g e   f o r  

r e c h a r g i n g   and  r e m o v i n g   p a r t i c l e s   w h i c h   may  b e  

r e e n t r a i n e d   in  t he   g a s e o u s   med ium  a f t e r   i n i t i a l  

c o l l e c t i o n   t h e r e o f   in  an  u p s t r e a m   p r e c i p i t a t o r   s t a g e .  

A  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

p r o v i d e   n o v e l   means   f o r   r e d u c i n g   b a c k   c o r o n a   i n  



l o c a l i z e d   a r e a s   w i t h i n   p r e c i p i t a t i n g   a p p a r a t u s   of  t h e  

a b o v e   t y p e .  

A  s t i l l   f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

i s   to  p r o v i d e   a  m u l t i - s t a g e   p r e c i p i t a t i n g   a p p a r a t u s  

w h i c h   has   a  h i g h   e f f i c i e n c y   and  o c c u p i e s   a  m i n i m u m  

p h y s i c a l   s p a c e .  
O t h e r   o b j e c t s   and  a d v a n t a g e s   w i l l   b e c o m e  

a p p a r e n t   upon  r e a d i n g   t he   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

w h i l e   r e f e r r i n g   to  t he   a t t a c h e d   d r a w i n g s ,   in  w h i c h :  

FIG.   1  i s   a  s i m p l i f i e d   s c h e m a t i c   p l a n   v i e w   o f  

p r e c i p i t a t i n g   a p p a r a t u s   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n ;  

FIG.   2  i s   a  p e r s p e c t i v e   v i e w   of  t h e   c o l l e c t i n g  

r e g i o n   of  t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,  

p a r t i c u l a r l y   i l l u s t r a t i n g   t h e   ion   g e n e r a t i n g   means   w h i c h  

is   shown  w i t h   p o r t i o n s   b r o k e n   a w a y ;  
FIG.   3  i s   an  e n l a r g e d   v i e w   of  a  p o r t i o n   of  t h e  

a p p a r a t u s   shown  in  FIG.   2,  s i m p l i f i e d   f o r   t h e   s a k e   o f  

c l a r i t y   and  i l l u s t r a t i n g   t h e   r e l a t i o n s h i p   of  c e r t a i n  

c o m p o n e n t s   of  t he   d o w n s t r e a m   r e g i o n   of  t h e   a p p a r a t u s ;  

FIG.   4  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   of  t h e  

ion   g e n e r a t i n g   means   of  t h e   a p p a r a t u s   of  t h e   p r e s e n t  

i n v e n t i o n ,   and  is   shown  w i t h   p o r t i o n s   r e m o v e d   and  o t h e r  

p o r t i o n s   b r o k e n   a w a y ;  
F IG.   5  is   a  s c h e m a t i c   d i a g r a m   of  an  e x e m p l a r y  

e l e c t r i c a l   c i r c u i t   t h a t   may  be  u s e d   to  c h a r g e   the   c o r o n a  

d i s c h a r g e   means   as  w e l l   as  t h e   o u t e r   s h e l l   of  t he   i o n  

g e n e r a t i n g   means   of  t he   p r e s e n t   i n v e n t i o n ;  

FIG.   6  is   a  s i m p l i f i e d   s c h e m a t i c   p l a n   v i e w   of  a  

m o d i f i c a t i o n   of  t he   p r e c i p i t a t i o n   a p p a r a t u s   w h i c h   a l s o  

e m b o d i e s   t he   p r e s e n t   i n v e n t i o n ;  

FIG.   7  i s   an  e n l a r g e d   s i m p l i f i e d   p l a n   v i e w   of  a  

p o r t i o n   of  t he   a p p a r a t u s   shown  in  F IG.   6 ;  

FIG.   8  i s   a  s i m p l i f i e d   f r o n t   v i e w   of  y e t  
a n o t h e r   m o d i f i c a t i o n   of  t he   p r e s e n t   i n v e n t i o n ,  

p a r t i c u l a r l y   i l l u s t r a t i n g   a  g r a v i t a t i o n a l  



p r e - p r e c i p i t a t o r ;  

FIG.   9  is   a  p e r s p e c t i v e   v i e w   of  t h e  

g r a v i t a t i o n a l   p r e - p r e c i p i t a t o r   m o d i f i c a t i o n   shown  i n  

FIG.   8,  and  a l s o   i l l u s t r a t i n g   a  p o r t i o n   of  t he   u p s t r e a m  

r e g i o n   of  t he   p r e c i p i t a t i n g   a p p a r a t u s ;  

FIG.   10  i s   a  s i m p l i f i e d   s c h e m a t i c   p l a n   v i e w  

i l l u s t r a t i n g   y e t   a n o t h e r   m o d i f i c a t i o n   of  t he   a p p a r a t u s  

of  t he   p r e s e n t   i n v e n t i o n ,   and  p a r t i c u l a r l y   i l l u s t r a t i n g  

an  e l e c t r i c a l   p r e - p r e c i p i t a t o r   f o r   c o l l e c t i n g   l a r g e  

p a r t i c l e s .  

T u r n i n g   now  to  t he   d r a w i n g s ,   and  r e f e r r i n g  

p a r t i c u l a r l y   to  FIG.  1,  a p p a r a t u s   e m b o d y i n g   the   p r e s e n t  

i n v e n t i o n   is  shown  in  a  s i m p l i f i e d   s c h e m a t i c   t o p   p l a n  
v i e w   as  c o m p r i s i n g   an  u p s t r e a m   r e g i o n   i n d i c a t e d  

g e n e r a l l y   a t   10  and  a  d o w n s t r e a m  r e g i o n   i n d i c a t e d  

g e n e r a l l y   a t   12,  w i t h   t h e   u p s t r e a m   r e g i o n   h a v i n g   a  

l e n g t h   Ll  and  t he   d o w n s t r e a m   r e g i o n   a  l e n g t h   L2.  T h e  

g a s e o u s   med ium  e n t e r s   an  i n l e t   14  shown  a t   t h e   l e f t   o f  

t h e   d r a w i n g   w i t h   t h e   f l o w   b e i n g   to  t h e   r i g h t   as  shown  b y  

t h e   a r r o w .   The  med ium  p a s s e s   t h r o u g h   t h e   i n l e t   and  i n t o  

t h e   c h a n n e l   i n d i c a t e d   g e n e r a l l y   a t   16  w h i c h   e x t e n d s   t h e  

e n t i r e   l e n g t h   of  t he   a p p a r a t u s   to  t he   o u t l e t   i n d i c a t e d  

a t   18.  The  p o r t i o n   of  t h e   a p p a r a t u s   shown  in  FIG.   1 

e x e m p l i f i e s   b u t   a  s i n g l e   c h a n n e l   w i t h i n   a  p r e c i p i t a t i n g  

a p p a r a t u s   and  a  t y p i c a l   c o m m e r c i a l   a p p a r a t u s   w o u l d   h a v e  

a  l a r g e   n u m b e r   of  s u c h   c h a n n e l s   a r r a n g e d   p a r a l l e l   to  o n e  

a n o t h e r ,   w i t h   t h e   s i d e   p l a t e s   of  one  c h a n n e l   b e i n g  

common  to  t he   n e x t   a d j a c e n t   c h a n n e l s .  

More  s p e c i f i c a l l y ,   t h e   u p s t r e a m   r e g i o n   has   s i d e  

c o l l e c t i n g   p l a t e s   20  and  22  and  the   d o w n s t r e a m   r e g i o n  

has   s i d e   c o l l e c t i n g   p l a t e s   24  and  26.  The  c o l l e c t i n g  

p l a t e s   20  and  24  a r e   p r e f e r a b l y   c o p l a n a r   as  a r e  

c o l l e c t i n g   p l a t e s   22  and  2 6  s o   t h a t   t h e   w i d t h   of  t h e  

c h a n n e l   is  g e n e r a l l y   c o n s t a n t   t h r o u g h o u t   i t s   l e n g t h .  

W h i l e   i t   is   c o n v e n i e n t   to  have   t he   c o l l e c t i n g   p l a t e s   o f  



t h e   u p s t r e a m   r e g i o n   g e n e r a l l y   c o p l a n a r   w i t h   t h e  

r e s p e c t i v e   c o l l e c t i n g   p l a t e s   of  t h e   d o w n s t r e a m   r e g i o n ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h i s   r e l a t i o n s h i p   i s   n o t  

n e c e s s a r y .   For  e x a m p l e ,   s i n c e   t h e   f l o w   p a t h   in  t h e  

d o w n s t r e a m   r e g i o n   i s   more  r e s t r i c t e d   due  to  t he   p r e s e n c e  
of  an  ion  g e n e r a t i n g   m e a n s ,   t h e   u p s t r e a m   r e g i o n   m a y  

c o n v e n i e n t l y   be  n a r r o w e r   i f   d e s i r e d .   I t   s h o u l d   a l s o   b e  

u n d e r s t o o d   t h a t   t h e r e   need   n o t   be  a  w e l l   d e f i n e d  

o n e - t o - o n e   r e l a t i o n   of  c h a n n e l s   b e t w e e n   t he   u p s t r e a m   a n d  

d o w n s t r e a m   r e g i o n s ,   and  t h a t   t h e r e   may  be  t h r e e   or  f o u r  

p a r a l l e l   s i d e   c o l l e c t i n g   p l a t e s   in  t he   u p s t r e a m   r e g i o n  

( w i t h   i n t e r m e d i a t e   c o r o n a   w i r e s   b e t w e e n   a d j a c e n t   p l a t e s  

as  shown  in  FIG.   1)  w i t h i n   t h e   w i d t h   of  two  a d j a c e n t  

c h a n n e l s   of  t he   d o w n s t r e a m   r e g i o n ,   f o r   e x a m p l e .   T h e  

c o l l e c t i n g   p l a t e s   20  and  24,  as  w e l l   as  c o l l e c t i n g  

p l a t e s   22  and  26  may  h a v e   a  s p a c e   b e t w e e n   them  as  s h o w n  

or  t h e y   may  be  a b u t t i n g ,   p a r t i c u l a r l y   i f   t h e y   a r e  

p r o v i d e d   w i t h   t he   same  p o t e n t i a l   w h i c h   is   p r e f e r a b l y  

g r o u n d   p o t e n t i a l   as  w i l l   be  d e s c r i b e d   h e r e i n .  

In  a  c o m m e r c i a l   a p p a r a t u s   in  t h e   p r e c i p i t a t i o n  

of  f l y   a s h ,   t h e   a p p a r a t u s   may  h a v e   an  o v e r a l l   h e i g h t   o f  

30  f e e t   or  m o r e ,   an  o v e r a l l   l e n g t h   of  a b o u t   5  f e e t   t o  

a b o u t   50  f e e t   and  a  s u f f i c i e n t   n u m b e r   of  c h a n n e l s   16  t o  

p r o v i d e   an  o v e r a l l   w i d t h   of  60  f e e t   or  m o r e ,   w i t h   e a c h  

of  t he   c h a n n e l s   h a v i n g   a  w i d t h   Wl  of  a p p r o x i m a t e l y   9 

i n c h e s .   W h i l e   a  c o m e r i c a l   f l y   ash   p r e c i p i t a t o r   may  h a v e  

the   a b o v e - m e n t i o n e d   d i m e n s i o n s ,   t he   c o n s t i t u e n c y   o f  

o t h e r   m e d i a   may  e n a b l e   t h e   d i m e n s i o n s   of  t he   a p p a r a t u s  

to  be  c o n s i d e r a b l y   a l t e r e d .   In  f a c t ,   t h e   a p p a r a t u s   m a y  
be  r e d u c e d   in  s c a l e   to  t h e   e x t e n t   t h a t   i t   may  b e  

a p p l i c a b l e   to  c l e a n   a i r   in  a  home  and  may  f i t   w i t h i n   a  
w i n d o w   of  a  h o u s e   or  a p a r t m e n t ,   f o r   e x a m p l e .   As  t h e  

medium  f l o w s   t h r o u g h   the   u p s t r e a m   r e g i o n   10,  i t   i s  

r e l a t i v e l y   u n e n c u m b e r e d   by  any  p h y s i c a l   s t r u c t u r e   w i t h i n  

t he   c h a n n e l   16,   b u t   e n c o u n t e r s   one  or  more   i o n  



g e n e r a t i n g   means   28  w i t h i n   t h e   d o w n s t r e a m   r e g i o n   and  t h e  

medium  m u s t   d i v i d e   and  f l o w   b e t w e e n   t h e   ion   g e n e r a t i n g  

means   28  and  t he   c o l l e c t i n g   p l a t e s   24  and  26  t h r o u g h   t h e  

r e m a i n d e r   of  t he   l e n g t h   of  t h e   c h a n n e l   16.  As  s h o u l d   b e  

a p p r e c i a t e d ,   t he   v o l u m e   of  t h e   c h a n n e l   in  t he   d o w n s t r e a m  

r e g i o n   is   t h e r e b y   r e d u c e d   by  t h e   p r e s e n c e   of  t h e   i o n  

g e n e r a t i n g   m e a n s   28,  w h i c h   means   t h a t   t h e   f l o w   v e l o c i t y  

w i l l   i n c r e a s e   in  t h i s   r e g i o n   r e l a t i v e   to  t he   f l o w  

v e l o c i t y   in  t he   u p s t r e a m   r e g i o n .   For   e x a m p l e ,   in  a  

c o m m e r c i a l   f l y   ash   p r e c i p i t a t o r ,   t h e   f l o w   v e l o c i t y   i n  

t he   u p s t r e a m   r e g i o n   is   w i t h i n   t he   r a n g e   of  a b o u t   3  to  10 

f e e t / s e c .   and  t he   v e l o c i t y   in  t he   d o w n s t r e a m   r e g i o n   i s  

a p p r o x i m a t e l y   d o u b l e   t he   v e l o c i t y   in  t h e   u p s t r e a m   r e g i o n .  

W i t h i n   t h e   u p s t r e a m   r e g i o n  a r e   one   or  m o r e  

v e r t i c a l l y   o r i e n t e d   c o n v e n t i o n a l   c o r o n a   d i s c h a r g e   w i r e s  

27  w h i c h   a r e   c h a r g e d   r e l a t i v e   to  t h e   c o l l e c t i n g   p l a t e s  

20  and  22  and  p r o v i d e   a  c o r o n a   d i s c h a r g e   in  t he   u p s t r e a m  

r e g i o n   t h a t   c h a r g e s   t h e   p a r t i c l e s   of  t h e   g a s e o u s   m e d i u m  

e n t e r i n g   t he   u p s t r e a m   r e g i o n .   The  d i s t a n c e   Dl  b e t w e e n  

a d j a c e n t   c o r o n a   d i s c h a r g e   w i r e s   is  p r e f e r a b l y   a b o u t   8  t o  

10  i n c h e s   and  the   w i r e s   a r e   p r e f e r a b l y   c e n t r a l l y   l o c a t e d  

w i t h i n  t h e   c h a n n e l   16  so  t h a t   t he   d i s t a n c e   b e t w e e n   t h e  

w i r e s   and  e a c h   of  t h e   s i d e   c o l l e c t i n g   p l a t e s   20  and  22  

is   a b o u t   4  1 /2   i n c h e s ,   g i v e n   t he   w i d t h   Wl  of  a b o u t   9 

i n c h e s .   The  c o r o n a   d i s c h a r g e   w i r e s   27  a r e   p r e f e r a b l y  

c h a r g e d   to  p r o v i d e   a  mean  e l e c t r i c   f i e l d   s t r e n g t h   o f  

a b o u t   4  kV/cm  and  t he   o v e r a l l   l e n g t h   Ll  of  t he   u p s t r e a m  

r e g i o n   may  be  f rom  a b o u t   3  to  a b o u t   10  f e e t   in  a  t y p i c a l  

f l y   ash   p r e c i p i t a t i n g   a p p a r a t u s .  T h e   w i r e s   a r e   f u l l y  

e x p o s e d   to  t he   c o r r o s i v e   e n v i r o n m e n t   of  t h e   med ium  a n d  

s h o u l d   t h e r e f o r e   be  of  a  s i z e   t h a t   w i l l   p e r m i t   them  t o  

s u r v i v e   w i t h o u t   b r e a k i n g   in  a  s h o r t   t i m e ,   i . e . ,   t h e y  

s h o u l d   p r e f e r a b l y   h a v e   a  d i a m e t e r   of  a b o u t   1 / 1 0   to  a b o u t  

1 /8   i n c h .   The  p u r p o s e   of  t he   u p s t r e a m   r e g i o n   i s   t o  

e l e c t r o s t a t i c a l l y   p r e c i p i t a t e   t he   l a r g e r   p a r t i c l e s ,  



i . e . ,   t h o s e   p a r t i c l e s   h a v i n g   a  d i a m e t e r   l a r g e r   t h a n  

a b o u t   10  m i c r o n s ,   a l t h o u g h   i t   is   t he   p a r t i c l e s   a b o v e  

a b o u t   50  m i c r o n s   t h a t   a r e   of  p r i m e   c o n c e r n   in  t h i s  

r e g i o n .   A n o t h e r   i m p o r t a n t   a s p e c t   is   to  r e m o v e   t he   b u l k  

of  t he   p a r t i c l e s   w h i c h   w o u l d   o t h e r w i s e   p r o d u c e   s p a c e  

c h a r g e   f i e l d   d i s t o r t i o n   and  t h e r e b y   l o w e r   t h e   a v e r a g e  
f i e l d   and  w h i c h   w o u l d   a l s o   q u i c k l y   b u i l d   a  h e a v y   l a y e r  

of   d u s t   in  t he   r e l a t i v e   n a r r o w   d o w n s t r e a m   r e g i o n   were   i t  

no t   r e m o v e d   in  t he   u p s t r e a m   r e g i o n .   The  d e s i r a b i l i t y  

f o r   t h i s   d e r i v e s   f rom  t he   f a c t   t h a t   e l e c t r i c a l   as  w e l l  

as  wind  r e e n t r a i n m e n t   become   a  more   s e v e r e   p r o b l e m   a s  

t h e   d u s t   l a y e r   b e c o m e s   h e a v i e r   and  b u i l d s   up  on  s i d e  

c o l l e c t i n g   p l a t e s   24  and  26  of  t h e   d o w n s t r e a m   r e g i o n  

12.   I n c r e a s e d   r e e n t r a i n m e n t   due  to  w i n d   o c c u r s   in  t h e  

d o w n s t r e a m   r e g i o n   b e c a u s e   t h e   f l o w   v e l o c i t y   i s   g r e a t e r  
in  t h e   d o w n s t r e a m   r e g i o n   due  to  t he   p r e s e n c e   of  t h e   i o n  

g e n e r a t i n g   m e a n s .   A l s o ,   as  t h e   d u s t   p a r t i c l e s  

a c c u m u l a t e ,   t he   c r o s s   s e c t i o n a l   a r e a   of  t h e   c h a n n e l   i s  

f u r t h e r   r e d u c e d ,   w h i c h   f u r t h e r   i n c r e a s e s   t h e   f l o w  

v e l o c i t y   and  i n c r e a s e s   t he   t e n d e n c y   f o r   t h e  p a r t i c l e s   t o  

r e e n t r a i n .   T h i s   u p s t r e a m   r e m o v a l   of  t h e   l a r g e r  

p a r t i c l e s   i s   a l s o   b e l i e v e d   to  be  h e l p f u l   f o r   t he   r e a s o n  

t h a t   t h e y   a r e   more  s u s c e p t i b l e   to  b o u n c i n g   t h r o u g h   t h e  

p r e c i p i t a t o r   a p p a r a t u s   and  t e n d   to  c r e a t e   h a v o c   w i t h   t h e  

a c c u m u l a t e d   p r e c i p i t a t e d   d u s t   l a y e r   upon   i m p a c t .   W h e n  

t h e y  s t r i k e   t h e   s u r f a c e   t h e y   w i l l   d i s l o d g e   o t h e r  

p a r t i c l e s   t h a t   h a v e   a c c u m u l a t e d   on  t h e   s i d e   c o l l e c t i o n  

p l a t e s   24  and  26  and  w i l l   d i s l o d g e   b o t h   l a r g e   and  s m a l l  

p a r t i c l e s   a l i k e .   By  u t i l i z i n g   t he   u p s t r e a m   r e g i o n   t o  

r e m o v e   t he   l a r g e r   p a r t i c l e s ,   t h e y   w i l l   be  l e s s   l i k e l y   t o  

be  p r e s e n t   in  t h e   d o w n s t r e a m   r e g i o n   and  t h e r e f o r e   w i l l  

n o t   p r o d u c e   t h i s   u n d e s i r a b l e   e f f e c t .  

As  w i l l   be  h e r e i n a f t e r   d i s c u s s e d ,   a  
m o d i f i c a t i o n   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   p r o v i d e   o t h e r  

means   f o r   r e m o v i n g   t h e s e   l a r g e   p a r t i c l e s   a h e a d   of  t h e  



u p s t r e a m   r e g i o n   w h i c h   w i l l   f u r t h e r   r e d u c e   t h e  

p r o b a b i l i t y   of  t h e i r   p r e s e n c e   in  t he   d o w n s t r e a m   r e g i o n .  

In  t h i s   r e g a r d ,   i t   s h o u l d   be  a p p r e c i a t e d   t h a t   in  t y p i c a l  

f l y   ash  p r e c i p i t a t o r s ,   f o r   e x a m p l e ,   t he   mean  e l e c t r i c  

f i e l d   s t r e n g t h   in  t h e   u p s t r e a m   r e g i o n   i s   p r e f e r a b l y  

a b o u t   4  kV/cm  and  t h a t   t h e   e l e c t r i c   f i e l d   in  t h e  

d o w n s t r e a m   r e g i o n   is   s i g n i f i c a n t l y   h i g h e r ,   and  may  be  i n  

t h e   r a n g e   of  a b o u t   6  to  a b o u t   12  kV/cm  w h i c h   w o u l d  

p r o v i d e   a  much  s t r o n g e r   i n f l u e n c e   on  s u c h   l a r g e r  

p a r t i c l e s   t h a n   is   p r e s e n t   in  t he   u p s t r e a m   r e g i o n .  

As  i s   a p p a r e n t   f rom  v i e w i n g   FIG.   1,  t h e  

c o l l e c t i n g   r e g i o n   12  is   shown  to  h a v e   two  ion  g e n e r a t i n g  

means   28  in  s e r i e s   l o c a t e d   c e n t r a l l y   w i t h i n   t he   c h a n n e l  

16.   As  w i l l   be  h e r e i n a f t e r   d e s c r i b e d   in  d e t a i l ,   t he   i o n  

g e n e r a t i n g   means   may  c o m p r i s e   a  s i n g l e   s t r u c t u r e   r a t h e r  

t h a n   t he   two  i n - l i n e   s t r u c t u r e s   28,  b u t   f o r   r e a s o n s   o f  

w e i g h t   and  e a s e   of  f a b r i c a t i o n   and  i n s t a l l a t i o n ,   t h e  

d o w n s t r e a m   r e g i o n   may  c o m p r i s e   s e v e r a l   ion   g e n e r a t i n g  

means   of  l e n g t h s   w i t h i n   t h e   r a n g e   of  a b o u t   2  to  a b o u t   1 2  

f e e t .   The  r e q u i s i t e   n u m b e r   of  them  c a n  t h e n   be  p l a c e d  

in  t he   d o w n s t r e a m   r e g i o n   to  p r o v i d e   t he   n e c e s s a r y  
o v e r a l l   l e n g t h   L2  of  t he   d o w n s t r e a m   r e g i o n ,   w h i c h   may  b e  

10  f e e t   or  m o r e .   In  t he   e v e n t   t h e   h e i g h t   of  t h e  

c o l l e c t i n g   r e g i o n   d o e s   a p p r o a c h   30  f e e t ,   t h e n   two  o r  

more   of  t he   ion  g e n e r a t i n g   means   28  of  c o r r e s p o n d i n g l y  

s h o r t e r   h e i g h t   may  be  p r o v i d e d   in  t he   a p p a r a t u s .   T h e  

w i d t h   W2  of  t he   ion  g e n e r a t i n g   m e a n s   is   p r e f e r a b l y   a s  

s m a l l   as  p o s s i b l e   c o n s i s t e n t   w i t h   a c h i e v i n g   t h e   i o n  

c u r r e n t   d e n s i t y   a p p r o p r i a t e   to  t he   p a r t i c u l a r   d u s t   to  b e  

c o l l e c t e d .   In  t he   c o l l e c t i o n   of  f l y   a sh   t he   w i d t h   W2 

may  be  a b o u t   3  1 /2   i n c h e s .   Wi th   a  w i d t h   W2  of  a b o u t   3 

1 /2   i n c h e s ,   in  an  o v e r a l l   c h a n n e l   w i d t h   Wl  of  a b o u t   9 

i n c h e s ,   t he   s p a c i n g   b e t w e e n   the   s i d e   w a l l s   of  t h e   i o n  

g e n e r a t i n g   means   28  and  t h e   c o l l e c t i n g   p l a t e s   24.  or  26  

w i l l   be  a b o u t   2  3 /4   i n c h e s ,   g e n e r a l l y   in  t he   r a n g e   o f  



b e t w e e n   a b o u t   1  to  a b o u t   4  i n c h e s ,   d e s i g n a t e d   as  t h e  

d i s t a n c e   c  in  FIG.   1  as  w e l l   as  FIG.   3.  The  a b o v e  

m e n t i o n e d   d i m e n s i o n s   a r e   g e n e r a l l y   a p p l i c a b l e   f o r   f l y  

a s h   p r e c i p i t a t o r s .   For   o t h e r   a p p l i c a t i o n s ,   t h e  

d i m e n s i o n s   may  be  l a r g e r   or  c o n s i d e r a b l y   s m a l l e r   a s  

p r e v i o u s l y   m e n t i o n e d .  

The  o u t e r   s u r f a c e   of  t h e   ion   g e n e r a t i n g   m e a n s  

28  i s   shown  to  be  s m o o t h   in  t h a t   i t   h a s   no  s h a r p   e d g e s  

t h a t   can  p r o v i d e   e l e c t r i c   f i e l d   m a x i m a ,   s i n c e   t h e   o u t e r  

s u r f a c e   i s   p r o v i d e d   w i t h   a  h i g h   v o l t a g e   r e l a t i v e   to  t h e  

c o l l e c t i n g   s i d e   p l a t e s   24  and  26  so  as  to  i m p a r t   t h e  

h i g h   u n i f o r m   e l e c t r i c   f i e l d   p r e v i o u s l y   b r i e f l y  

d i s c u s s e d .   For  a  t y p i c a l   p o w e r   s t a t i o n   w h i c h   e m i t s   f l y  

ash  a t   a b o u t   3 5 0 ° F .   t h e   u n i f o r m   e l e c t r i c   f i e l d   b e t w e e n  

t h e   ion  g e n e r a t i n g   means   28  and  t he   s i d e   c o l l e c t i n g  

p l a t e s   24  and  26  i s   p r e f e r a b l y   a t   l e a s t   a b o u t   6  k V / c m  

and  may  a p p r o a c h   12  kV/cm  w i t h o u t   e x p e r i e n c i n g  

s i g n i f i c a n t   e l e c t r i c a l   b r e a k d o w n .   The  p r o b l e m   t h a t   i s  

g e n e r a l l y   e x p e r i e n c e d   i s   t h e   p h e n o m e n o n   of  back   c o r o n a  

and  t he   e l e c t r i c   f i e l d   as  w e l l   as  t h e   c h a r g i n g   c u r r e n t  

may  be  f u r t h e r   i n c r e a s e d   i f   means   a r e   p r o v i d e d   f o r  

r e d u c i n g   back   c o r o n a ,   some  of  w h i c h   w i l l   be  d e s c r i b e d  

h e r e i n a f t e r .   By  h a v i n g   t h e   o u t e r   s u r f a c e   of  t h e   i o n  

g e n e r a t i n g   means   s m o o t h   w i t h o u t   s h a r p   c o r n e r s ,   i . e . ,  

p r o v i d i n g   a  r a d i u s   to  a l l   o p e n i n g s   t h a t   a r e   p r e s e n t ,   t h e  

a v e r a g e   f i e l d   s t r e n g t h   w i t h i n   t h e   c h a n n e l   c a n  

s u b s t a n t i a l l y   a p p r o a c h   t h e   peak   f i e l d   s t r e n g t h   of  t h e  

a p p a r a t u s   as  i s   d e s i r e d .  

I t   s h o u l d   a l s o   be  u n d e r s t o o d   t h a t   t h e  

c o l l e c t i n g   p l a t e s   s h o u l d   be  s m o o t h   and  w i t h o u t   s h a r p  

c o r n e r s   a n y w h e r e   o p p o s i n g   t h e   ion   g e n e r a t i n g   m e a n s .   I n  

t h i s   r e g a r d ,   i t   i s   n o t e d   t h a t   t he   min imum  d i s t a n c e   i s  

t h e   d i s t a n c e   c  b e t w e e n   t h e   s u r f a c e   of  t h e   ion   g e n e r a t i n g  

means   and  t h e   c o l l e c t i n g   p l a t e s   24  and  26  and  t h a t   t h e  

o u t e r   s u r f a c e   of  t h e   g e n e r a t i n g   means   28  and  t h e  



c o l l e c t i n g   p l a t e s   c o m p r i s e   g e n e r a l l y   p a r a l l e l   p l a n e s .  

The  f i e l d   b e t w e e n   t he   two  p l a n e s   i s   g e n e r a l l y   u n i f o r m  

and  t he   a v e r a g e   f i e l d   s t r e n g t h   a p p r o a c h e s   t h e   m a x i m u m  

f i e l d   s t r e n g t h   w i t h i n   t he   a p p a r a t u s .  

W i t h   r e p s e c t   to  t he   c o n s t r u c t i o n   of  t he   i o n  

g e n e r a t i n g   means   28,   r e f e r e n c e   is   made  to  t h e  

p e r s p e c t i v e   v i e w   of  FIG.   2  w h i c h   a l s o   i l l u s t r a t e s   t h e  

s i d e   c o l l e c t i n g   p l a t e s   24  and  26  t o g e t h e r   w i t h   t h e  

s u p p o r t i n g   s t r u c t u r e   f o r   t h e   g e n e r a t i n g   means   and  t o  

FIG.   4  w h i c h   is   a  p e r s p e c t i v e   v i ew   i l l u s t r a t i n g   a  

p o r t i o n   of  t he   ion  g e n e r a t i n g   m e a n s .   The  ion   g e n e r a t i n g  

means   28  has   an  o u t e r   s h e l l   30  w h i c h   is  p r e f e r a b l y  

c h a r g e d   to  a  n e g a t i v e   p o t e n t i a l   r e l a t i v e   to  t h e   s i d e  

c o l l e c t i n g   p l a t e s   24  and  26  and  w i l l   h e r e i n a f t e r   o f t e n  

be  r e f e r r e d   to  as  a  c a t h o d e .   The  c o l l e c t i n g   p l a t e s   24  

and  26  c o m p r i s e   t he   p l a t e   s t r u c t u r e   and  a r e   p r e f e r a b l y  

p o s i t i v e l y   c h a r g e d   r e l a t i v e   to  t he   c a t h o d e   p o t e n t i a l ,  

and  a r e   p r e f e r a b l y   a t   g r o u n d   p o t e n t i a l .   The  c o l l e c t i n g  

p l a t e s   c o o p e r a t e   w i t h   t he   o u t e r   s h e l l   30  to  p r o v i d e   a  

u n i f o r m   h i g h   e l e c t r i c   f i e l d   in  t he   c h a n n e l   b e t w e e n   t h e  

s h e l l   30  and  the   c o l l e c t i n g   p l a t e s   24  and  26,  t h r o u g h  

w h i c h   t he   g a s e o u s   med ium  f l o w s   as  p r e v i o u s l y   d e s c r i b e d .  

W h i l e   t h e   c a t h o d e   s h e l l   30  is   d e s c r i b e d   h e r e i n  a s   b e i n g  

n e g a t i v e l y   c h a r g e d   w i t h   r e s p e c t   to  t he   p l a t e   s t r u c t u r e ,  

i . e . ,   t he   c o l l e c t i n g   p l a t e s   24  and  26,  i t   s h o u l d   b e  

u n d e r s t o o d   t h a t   t he   a p p a r a t u s   can  be  o p e r a t e d   w i t h   t h e  

o u t e r   s h e l l   p o s i t i v e l y   c h a r g e d   w i t h   r e s p e c t   to  t he   p l a t e  

s t r u c t u r e ,   p r o v i d e d   t h a t   t he   c o r o n a   d i s c h a r g e   a p p a r a t u s  

l o c a t e d   w i t h i n   t he   s h e l l   is   a l s o   p o s i t i v e l y   c h a r g e d .   I t  

i s   d e s i r a b l e   t h a t   t he   p l a t e   s t r u c t u r e   be  m a i n t a i n e d   a t  

g r o u n d   p o t e n t i a l   r e g a r d l e s s   of  w h e t h e r   t he   c o r o n a  

d i s c h a r g e   a p p a r a t u s   and  t he   s h e l l   a r e   p o s i t i v e l y   o r  

n e g a t i v e l y   c h a r g e d   w i t h   r e s p e c t   to  t he   p l a t e   s t r u c t u r e  

b e c a u s e   i t   is  e a s i l y   a c c o m p l i s h e d   and  p e r m i t s   a t t a c h m e n t  

to  t he   main   s t r u c t u r a l  f r a m e w o r k   of  t he   a p p a r a t u s .   T h e  



g a s e o u s   med ium  c a r r y i n g   p a r t i c l e s   t h a t   a r e   to  b e  

c o l l e c t e d   t h e r e f r o m   g e n e r a l l y   p a s s e s   in  t h e   d i r e c t i o n  

shown  by  t h e   a r r o w   in  F IG .   2,  i . e . ,   to  t h e   r i g h t   a s  

s h o w n .  

The  a p p a r a t u s   shown  in  FIG.   2  may  h a v e   a  h e i g h t  

H  of  30  f e e t   or  more   as  p r e v i o u s l y   m e n t i o n e d ,   a n d  

p r e f e r a b l y   has   a  g e n e r a l l y   f l a t   t o p   p l a t e   32  t h a t  

e x t e n d s   a c r o s s   t h e   e n t i r e   a p p a r a t u s ,   c o v e r i n g   t h e  

p l u r a l i t y   of  s e p a r a t e   c h a n n e l s ,   one  of  w h i c h   is   shown  i n  

FIGS.   1 - 4 .   The  l o w e r   end  may  be  open   as  shown  so  t h a t  

t h e   s i d e   c o l l e c t i n g   p l a t e s   24  and  26  can   be  v i b r a t e d   o r  

r a p p e d   to  r e m o v e   the   a c c u m u l a t e d   d u s t   t h a t   has   b e e n  

p r e c i p i t a t e d   o u t   of  t h e   g a s e o u s   m e d i u m   d u r i n g   o p e r a t i o n  

of  t h e   a p p a r a t u s .   The  o u t e r   s h e l l   30  has   a  p a i r   o f  

u p p e r   c y l i n d r i c a l   s u p p o r t s   34  and  36  as  w e l l   as  a  l o w e r  

s u p p o r t   38  f o r   s t r u c t u r a l l y   s u p p o r t i n g   t h e   i o n  

g e n e r a t i n g   means   28  w i t h i n   t h e   c h a n n e l   16.   The  u p p e r  

s u p p o r t s   34  and  36  a r e   a t t a c h e d   to  r e s p e c t i v e   s u p p o r t  

m e m b e r s   40  w h i c h   e x t e n d   a c r o s s   s e v e r a l   c h a n n e l s   and  a r e  

c o n n e c t e d   to  o t h e r   ion   g e n e r a t i n g   m e a n s   28  in  a d j a c e n t  

c h a n n e l s .   The  e n d s   of  t he   m e m b e r s   40  a r e   s u i t a b l y  

c o n n e c t e d   to  i n s u l a t o r s   42  w h i c h   a r e   p r e f e r a b l y   made  o f  

c e r a m i c   and  w h i c h   e l e c t r i c a l l y   i s o l a t e   t h e   m e m b e r s   40 

f rom  t he   r e m a i n d e r   of  t h e   a p p a r a t u s .  

S i m i l a r l y ,   t h e   l o w e r   s t r u c t u r a l   c y l i n d r i c a l  

s u p p o r t   38  is  a t t a c h e d   to  a  p r e f e r a b l y   c e r a m i c   i n s u l a t o r  

44  t h a t   is   a l s o   s u i t a b l y   c o n n e c t e d   to  t he   ma in   s t r u c t u r e  

of   t he   a p p a r a t u s .   The  n e t   r e s u l t   of  t h e   use   of  t h e  

i n s u l a t o r s   42  and  44  i s   to  p e r m i t  t h e   s u p p o r t   m e m b e r s  

40,  c y l i n d r i c a l   s u p p o r t s   34,   36,  38  as  w e l l   as  t he   o u t e r  

s h e l l   30  to  be  c h a r g e d   to  t h e   d e s i r e d   p o t e n t i a l   t h a t   i s  

p r e f e r a b l y   n e g a t i v e   r e l a t i v e   to  t h e   c o l l e c t i n g   p l a t e s   2 4  

and  26  as  w e l l   as  t h e   t o p   p l a t e   32.   As  p a r t i c u l a r l y  

i l l u s t r a t e d   w i t h   r e s p e c t   to  t he   c y l i n d r i c a l   s u p p o r t   3 4 ,  

t h e   t o p   p l a t e   32  h a s  a   g e n e r a l l y   s q u a r e   o p e n i n g   t h e r e i n  



t h r o u g h   w h i c h   the   c y l i n d r i c a l   s u p p o r t   p a s s e s   and  e a c h  

s i d e   of  t h e   s q u a r e   is   p r e f e r a b l y   p r o v i d e d   w i t h   a  s m o o t h  

c u r v e d   s u r f a c e ,   s u c h   as  2  1 /2   i n c h   p i p e   s e c t i o n s   46  o r  

t h e   l i k e   t h a t   a r e   w e l d e d   to  t he   t o p   p l a t e   32  and  p r e s e n t  

a  c u r v e d   s u r f a c e   r a t h e r   t h a n   a  s h a r p   edge   to  p r e v e n t  

s p a r k i n g   b e t w e e n   t he   c y l i n d r i c a l   s u p p o r t   34  and  t he   t o p  

p l a t e   32.  The  o p e n i n g   in  t h e   top   p l a t e   32  a d j a c e n t   t h e  

c y l i n d r i c a l   s u p p o r t   36  is   p r e f e r a b l y   p r o v i d e d   w i t h  

s i m i l a r   p i p e   s e g m e n t s   46.  As  i s   b e s t   shown  in  FIG.   2 ,  

t h e   o u t e r   s h e l l   30  has   b o t h   the   l e f t   end  p o r t i o n   48  a n d  

r i g h t   end  p o r t i o n   50,   as  w e l l   as  t h e   u p p e r   and  l o w e r  

p o r t i o n s   52  and  54  p r o v i d e d   w i t h   a  u n i f o r m   c u r v a t u r e   a n d  

the   o u t e r   s h e l l   30  i s   shown  to  be  g e n e r a l l y   s o l i d   o r  

c l o s e d ,   e x c e p t   f o r   t h e   p r e s e n c e   of  a  p l u r a l i t y   o f  

v e r t i c a l   s l o t s   56  w h i c h   e x t e n d   in  v e r t i c a l   r o w s  

s u b s t a n t i a l l y   t he   e n t i r e   h e i g h t   of  t he   ion  g e n e r a t i n g  

means   30.  The  s l o t s   h a v e   a  w i d t h   of  a b o u t   1 /2   i n c h   a n d  

can  be  i n t e r r u p t e d   by  web  p o r t i o n s   58  of  a b o u t   2  i n c h e s  

w h i c h   a r e   p r o v i d e d   f o r   t h e   p u r p o s e   of  i m p a r t i n g  

s t r u c t u r a l   r i g i d i t y   to  t he   s h e l l   30.   As  s h o w n ,   t he   w e b  

p o r t i o n s   58  a r e   o f f s e t   in  a d j a c e n t   rows   f o r   t he   p u r p o s e  
of  i n s u r i n g   t h a t   t he   med ium  p a s s i n g   by  t he   s l o t s   i s  

s u b j e c t e d   to  an  a d e q u a t e   s u p p l y   of  i o n s   w h i c h   p a s s   f r o m  

t h e   i n t e r i o r   t h r o u g h   t h e   s l o t s   i n t o   t h e   c h a n n e l .   T h e  

o r i e n t a t i o n   of   t he   rows  of  s l o t s   i s   p r e f e r a b l y   g e n e r a l l y  

v e r t i c a l   as  shown  in  F IGS.   2  and  4,  i . e . ,   t r a n s v e r s e   t o  

t he   f l o w   of  t he   g a s e o u s   med ium  t h r o u g h   t h e  c h a n n e l   1 6 .  

T h i s   a s s u r e s   t h a t   s u b s t a n t i a l l y   a l l   of  t he   med ium  i s  

s u b j e c t e d   to  t h e  i o n s   b e i n g   i n j e c t e d   i n t o   t he   c h a n n e l   a s  

is   d e s i r e d .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   w h i l e   t he   r o w s  

of  s l o t s   a r e   p r e f e r a b l y   v e r t i c a l l y   a l i g n e d ,   t h e y   may  b e  

a l s o   o r i e n t e d   a t   an  a n g l e   r e l a t i v e   to  v e r t i c a l   i f  

d e s i r e d .   I t   s h o u l d   a l s o   be  u n d e r s t o o d   t h a t   w h i l e   t h e  

o p e n i n g s   a r e   p r e f e r a b l y   in  t he   fo rm  of  e l o n g a t e d   s l o t s ,  

t he   o p e n i n g s   can   a l s o   be  c i r c u l a r   or  some  o t h e r   s h a p e  



and  a r r a n g e d   in  rows  so  t h a t   t he   o p e n i n g s   a r e   a d j a c e n t  

t h e   c o r o n a   d i s c h a r g e   m e m b e r s   t h a t   w i l l   be  h e r e i n a f t e r  

d e s c r i b e d .   An  i m p o r t a n t   c o n s i d e r a t i o n   is   t h a t   t h e  

o p e n i n g s ,   w h e t h e r   in  t he   f o rm  of  e l o n g a t e d   s l o t s ,  

c i r c l e s ,   mesh  or  t h e   l i k e   be  of  a  s i z e   l a r g e   e n o u g h   t o  

p a s s   an  a d e q u a t e   s u p p l y   of  i o n s   t h e r e t h r o u g h ,   w h i l e   n o t  

s i g n i f i c a n t l y   d i s r u p t i n g   t h e   u n i f o r m i t y   of  t h e   e l e c t r i c  

f i e l d   in  t he   c h a n n e l .  

To  g e n e r a t e   t he   i o n s   in  t h e   i n t e r i o r   of  t h e  

s h e l l   30,  a  s t r u c t u r e   f o r   p r o d u c i n g   c o r o n a   d i s c h a r g e   i s  

p r o v i d e d   and  g e n e r a l l y   c o m p r i s e s   u p p e r   and  l o w e r  

U - s h a p e d   s u p p o r t   m e m b e r s   62  and  64  w h i c h   a r e   s u i t a b l y  

c o n n e c t e d   to  t he   s h e l l   30  or  some  i n t e r n a l   s t r u c t u r a l  

member  of  t he   s h e l l   30  by  e l e c t r i c a l   i n s u l a t o r   s u p p o r t s  

66  w h i c h   e l e c t r i c a l l y   i s o l a t e   t he   c o r o n a   d i s c h a r g e  

s t r u c t u r e   f rom  t h e   s h e l l   to  p e r m i t   t h e   p o t e n t i a l  

d i f f e r e n c e   to  be  a p p l i e d   to  t he   two  s t r u c t u r e s .   T h e  

s u p p o r t   m e m b e r s   62  and  64  a r e   p o s i t i o n e d   so  t h a t   t h e i r  

open   s i d e s   f a c e   one  a n o t h e r   and  c o r o n a   d i s c h a r g e  

e l e m e n t s   68  a r e   e x t e n d e d   b e t w e e n   t he   two  s u p p o r t s ,   w i t h  

e a c h   e l e m e n t   p r e f e r a b l y   b e i n g   l o c a t e d   in  t he   c e n t e r   of  a  

row  of  s l o t s   56  so  as  to  p r o v i d e   a  s u p p l y   of  i o n s  

t h r o u g h   c o r o n a   d i s c h a r g e ,   t he   i o n s   b e i n g   i n j e c t e d   i n t o  

t h e   g a s e o u s   e f f l u e n t   t h r o u g h   t he   s l o t s ,   or  t h r o u g h   t h e  

o p e n i n g s   in  t he   mesh  in  t he   e v e n t   a  mesh  i s   u t i l i z e d .  

As  b e s t   shown  in  F IG.   4,  t h e   c o r o n a   d i s c h a r g e  

e l e m e n t s   68  p r e f e r a b l y   c o m p r i s e   t h i n   c o n d u c t i n g   s t r i p s  

made  of  any  s u i t a b l e   m a t e r i a l   s u c h   as  s t a i n l e s s   s t e e l  

and  may  h a v e   a  t h i c k n e s s   w i t h i n   t h e   r a n g e   of  a b o u t   1  t o  

a b o u t   5  t h o u s a n d t h s   of  an  i n c h   and  a  w i d t h   of  a  f e w  

t e n t h s   of  an  i n c h .   The  e l e m e n t s   can   a l s o   be  t h i n   w i r e s ,  

t h o u g h   t he   w i r e s   h a v e   c e r t a i n   d i s a d v a n t a g e s .   An 

a d v a n t a g e   of  t he   t h i n   s t r i p s   is   t h a t   t h e   s h a r p   r a d i u s   a t  

t h e   edge   of  t he   s t r i p   i s   more   c o n d u c t i v e   to  g e n e r a t i n g  

c o r o n a   d i s c h a r g e   t h a n   t he   b i g g e r   r a d i u s   of  a  w i r e   o f  



c o m p a r a b l e   s t r e n g t h   and  l o n g e v i t y   in  t he   c o r r o s i v e  

e n v i r o n m e n t   of  t he   a p p a r a t u s .   The  u p p e r   end  of  t h e  

s t r i p   68  is  d o u b l e d   b a c k   and  a t t a c h e d   to  i t s e l f   t o  

p r o v i d e   a  l o o p   70  f o r   p l a c e m e n t   o v e r   an  open   h o o k e d   e n d  

72  of  a  t e n s i o n i n g   s p r i n g   74  t h a t   i s   in  t u r n   a t t a c h e d   t o  

an  e l e c t r i c a l l y   c o n d u c t i v e   s u p p o r t   p i n   76  t h a t   i s  

a t t a c h e d   to  t he   s i d e s   of  t h e   U - s h a p e d   s u p p o r t   m e m b e r  

62.  S i m i l a r l y ,   t h e   l o w e r   end  of  t h e   s t r i p   68  has   a  l o o p  

78  f o r   p l a c e m e n t   o v e r   a  hook  member   80  t h a t   a l s o   i s  

a t t a c h e d   to  a  s u p p o r t   p i n   82.  The  hook  s u p p o r t s   80  m a y  

be  c e n t e r e d   on  t he   p i n s   82  by  a  p a i r   of  a n n u l a r   m e m b e r s  

84,   o n l y   one  of  w h i c h   is   shown  in  t h e   d r a w i n g .   By  

h a v i n g   t he   hook  s u p p o r t   80  s a n d w i c h e d   b e t w e e n   t h e  

a n n u l a r   m e m b e r s   84  and  i n s u r i n g   t h a t   t h e   a n n u l a r   m e m b e r s  

84  a r e   s e c u r e d   to  t he   p i n s   82  so  t h a t   t h e y   c a n n o t   m o v e ,  

t h e   hook  s u p p o r t   and  t h e r e f o r e   t he   s t r i p   68  can   b e  

m a i n t a i n e d   in  t h e   c e n t e r   b e t w e e n   t h e   s i d e   w a l l s   as  i s  

d e s i r e d .   At  t he   u p p e r   end  of  t h e   s t r i p   68,   t h e   s p r i n g  

74  is   p r o v i d e d   w i t h   an  u p p e r   hook   86  w h i c h   i s   shown  t o  

e n g a g e   a  c e n t e r e d   g r o o v e   88  in  t he   p i n   76,   so  t h a t   t h e  

e n t i r e   s t r i p   68  i s   p r o p e r l y   p o s i t i o n e d   w i t h i n   t h e  

s h e l l .   To  c h a r g e   t he   c o r o n a   d i s c h a r g e   a p p a r a t u s   a n d  

r e f e r r i n g   a g a i n   to  FIG.   2,  an  e l e c t r i c a l l y   i n s u l a t e d  

c a b l e   92  i s   p r o v i d e d   and  i s   s u i t a b l y   c o n n e c t e d   to  a  

s o u r c e   of  p o t e n t i a l   ( n o t   s h o w n ) .   The  c a b l e   e x t e n d s  

t h r o u g h   an  o p e n i n g   94  in  one  of  t he   c y l i n d r i c a l  

s u p p o r t s ,   i . e . ,   t he   s u p p o r t s   34  shown  in  t he   d r a w i n g ,  

and  e x t e n d s   t h r o u g h   t he   i n t e r i o r   of  i t   to  a  s u i t a b l e  

e l e c t r i c a l   c o n n e c t o r   96  t h a t   is   a t t a c h e d   to  t he   u p p e r  

s u p p o r t   62  and  t h e r e b y   p r o v i d e s   t he   p o t e n t i a l   to  t h e  

c o r o n a   d i s c h a r g e   p r o d u c i n g   s t r i p s   6 8 .  

I t   is  p r e f e r r e d   t h a t   t he   c o r o n a   d i s c h a r g e  

m e m b e r s   68  h a v e   an  a p p l i e d   p o t e n t i a l   t h a t ,   f o r   f l y   a s h ,  

is   w i t h i n   t he   r a n g e   of  a b o u t   -40  kV  to  a b o u t   -100  kV  a n d  

p r e f e r a b l y   a b o u t   -75  kV  and  t h a t   t he   o u t e r   s h e l l   30  h a v e  



a  v o l t a g e   l e v e l   w i t h i n   t he   r a n g e   of  a b o u t   -30  kV  t o  

a b o u t   -80  kV  and  p r e f e r a b l y   a b o u t   -60  kV  w i t h   r e s p e c t   t o  

t h e   p o t e n t i a l   of  t h e   s i d e   p l a t e s   24  and  26.  T h e s e  

v o l t a g e s   may  be  c o n t i n u o u s l y   c o n t r o l l e d   s u c h   as  by  a  

f e e d b a c k   l o o p   so  as  to  m a i n t a i n   t he   e l e c t r i c   f i e l d  

w i t h i n   t h e  c h a n n e l   16  a t   an  o p t i m u m   l e v e l ,   i . e . ,   as  h i g h  

as  p o s s i b l e   w i t h o u t   e x p e r i e n c i n g   e x c e s s i v e   s p a r k i n g   o r  

e l e c t r i c a l   b r e a k d o w n   or  e x c e s s i v e   b a c k   c o r o n a .   T h e  

l e v e l   of  t he   f i e l d   t h a t   i s   a t t a i n a b l e   w i h i n   t h e   c h a n n e l  

16  is   a  f u n c t i o n   of  v a r i o u s   c o n d i t i o n s ,   s u c h   as  t h e  

d e n s i t y   of  t he   p a r t i c u l a t e s   w i t h i n   t h e   g a s e o u s   m e d i u m ,  

t h e   t e m p e r a t u r e   of  t h e   med ium  and  t h e   c h e m i c a l  

c o n s t i t u e n c y   of  t h e   g a s e o u s   m e d i u m .   The  v o l t a g e   may  b e  

c o n t i n u o u s l y   c o n t r o l l e d   in  t h e   m a n n e r   w h e r e b y   an  o p t i m u m  

s p a r k i n g   r a t e   i s   e x p e r i e n c e d ,   e . g . ,   b e t w e e n   a b o u t   1  a n d  

20  s p a r k s   p e r  m i n u t e   f o r   a  f l y   ash  p r e c i p i t a t o r   s e c t i o n  

h a v i n g   1 0 0 , 0 0 0   s q u a r e   f e e t   of  c o l l e c t i n g   p l a t e   a r e a ,   s o  

t h a t   t h e   e f f i c i e n c y  o f   o p e r a t i o n   i s   m a x i m i z e d .   In  t h i s  

r e g a r d ,   i f   t he   s p a r k   r a t e   i s   b e l o w   t h e   d e s i r e d   l e v e l ,  

t h e   a p p a r a t u s   w i l l   n o t   c h a r g e   t h e   p a r t i c l e s   as  w e l l   a s  
i t   c o u l d , . a n d   an  e x c e s s i v e   s p a r k   r a t e   c a u s e s   s e v e r e  

r e e n t r a i n m e n t   and  a l s o   r e s u l t s   in  e x c e s s i v e   p o w e r  

c o n s u p m t i o n   and  r e d u c e s   t he   t i m e   a v e r a g e   f i e l d ,   a l l  

c o n d i t i o n s   i n d i c a t i n g   l e s s   t h a n   o p t i m u m   o p e r a t i n g  

e f f i c i e n c y .   The  a p p a r a t u s   p r e f e r a b l y   c o n t r o l s   t h e  

v o l t a g e   l e v e l   by  i n c r e a s i n g   t he   p o t e n t i a l   a p p l i e d   to  t h e  

s h e l l   30  u n t i l   v o l t a g e   b r e a k d o w n   or  an  e x c e s s i v e   s p a r k  

r a t e   is   s e n s e d ,   in  w h i c h   e v e n t   t he   v o l t a g e   is   r e d u c e d  

t h e r e a f t e r   and  s l o w l y   i n c r e a s e d   a g a i n   w h i l e   t h e  

p o t e n t i a l   d i f f e r e n c e   b e t w e e n   t he   s t r i p s   and  t h e   s h e l l   i s  

h e l d   g e n e r a l l y   c o n s t a n t .  

W i t h   r e s p e c t   to  t he   a c t u a l   c o r o n a   d i s c h a r g e  

t h a t   is   p r o d u c e d   in  t he   a p p a r a t u s ,   i t   is  a  h i g h l y   l o c a l  

p h e n o m e n o n   t h a t   o c c u r s   a t   d i s c r e t e   p o i n t s   a l o n g   t h e  

l e n g t h   of  t he   d i s c h a r g e   s t r i p   or  w i r e   and  is   h i g h l y  



d e p e n d e n t   upon  t he   v o l t a g e   t h a t   is  a p p l i e d   t h e r e t o .   T h e  

p h e n o m e n o n   g e n e r a l l y   o c c u r s   as  c o r o n a   s p o t s   a l o n g   t h e  

l e n g t h   and  t he   p r e s e n c e   of  a  c o r o n a   s p o t   p r o d u c e s   a  

s p a c e   c h a r g e   a t   t h a t   l o c a t i o n   and  s i m u l t a n e o u s l y   r e d u c e s  

t he   e l e c t r i c   f i e l d   a d j a c e n t   the   s p o t ,   t h e r e b y  

d i s c o u r a g i n g   o t h e r   c o r o n a   d i s c h a r g i n g   s p o t s   i m m e d i a t e l y  

a d j a c e n t   t h a t   s p o t   b e c a u s e   the   f i e l d   has   b e e n   r e d u c e d .  

The  e l e c t r i c   f i e l d   l i n e s   t h a t   e m a n a t e   f rom  d a r k   o r  

n o n c o r o n a   p r o d u c i n g   r e g i o n s   of  t h e   s t r i p   or  w i r e   w i l l  

d e f i n e   c o r r e s p o n d i n g   d a r k   r e g i o n s   w h e r e   t h e y   t e r m i n a t e  

on  t he   c o l l e c t i n g   p l a t e s   24  and  26.  T h i s   is   due  to  t h e  

f a c t   t h a t   t he   i o n s   e f f e c t i v e l y   f o l l o w   f i e l d   l i n e s   a n d  

t h e r e   can   t h e r e f o r e   o n l y   be  i o n s   on  f i e l d   l i n e s   t h a t  

e m a n a t e   f rom  a  c o r o n a   d i s c h a r g i n g   s p o t .   H o w e v e r ,   t h e  

c o r o n a   p a t t e r n ,   i . e . ,   t h e   i n t e r v a l s   b e t w e e n   t he   c o r o n a  

d i s c h a r g i n g   s p o t s   can  be  v a r i e d   by  c h a n g i n g   t h e  

v o l t a g e .   I f   t he   v o l t a g e   is   i n c r e a s e d ,   t he   c o r o n a  

d i s c h a r g e   s p o t s   become   c l o s e r   t o g e t h e r   and  i f   i t   i s  

d e c r e a s e d ,   t h e y   move  f a r t h e r   a p a r t .   At  some  l e v e l   o f  

d e c r e a s e d   v o l t a g e ,   t h e   c o r o n a   s p o t s   o c c u r   r a t h e r  

r a n d o m l y   and  s i g n i f i c a n t   a r e a s   of  t h e   c o l l e c t i n g   p l a t e  

a r e   s t a r v e d   of  p i n - o n   c u r r e n t .   C o n v e r s e l y ,   a  h i g h  

v o l t a g e   p r o d u c e s   a  good  i o n - c u r r e n t   c o v e r a g e   of  t h e  

c o l l e c t i n g   p l a t e s   24  and  26;  h o w e v e r ,   i f   t he   a s s o c i a t e d  

h i g h   c u r r e n t   d e n s i t y   i m m e d i a t e l y   o p p o s i t e   t he   c o r o n a  

s p o t s   is  too  h i g h ,   i t   can  l e a d   to  back   c o r o n a   u n l e s s   t h e  

d u s t   l a y e r   is  e x c e p t i o n a l l y   c o n d u c t i v e .  

S i n c e   i t   is   o f t e n   n e c e s s a r y   to  o p e r a t e   t h e  

c o r o n a   d i s c h a r g e   a p p a r a t u s   in  t he   p r e s e n t   i n v e n t i o n   a t   a  

low  c u r r e n t   l e v e l ,   t he   v o l t a g e   l e v e l   is   r e l a t i v e l y   l o w  

and  c o r o n a   s p o t s   o c c u r   s p a r s e l y   a l o n g   t h e   l e n g t h   of  t h e  

d i s c h a r g e   e l e m e n t   68.  To  i m p r o v e   t h e   c o r o n a   p a t t e r n ,   i t  

is   p r e f e r r e d   t h a t   t he   t h i n   s t r i p s   be  u s e d   and  t h a t   t h e  

s t r i p s   be  t w i s t e d   as  shown  in  FIG.   4,  p r e f e r a b l y   a t  

a b o u t   6  t w i s t s   pe r   f o o t   fo r   a  w i d t h   W2  of  3  1 /2   i n c h e s .  



By  u s i n g   a  t w i s t e d   s t r i p ,   t h e   c o r o n a   d i s c h a r g e   s p o t s   c a n  

be  c o n v e n i e n t l y   c o n t r o l l e d   to  t h o s e   e d g e s   of  t h e   s t r i p  

f a c i n g   the   s l o t .   T h u s ,   t h e   use   of  t he   t w i s t e d   d i s c h a r g e  

s t r i p   68  e x h i b i t s   c o r o n a   d i s c h a r g e   s p o t s   a t   t h e  

l o c a t i o n s   97  shown  in  FIG.   4  in  a  g e n e r a l l y   p r e d i c t a b l e  

m a n n e r ,   u t i l i z i n g   the   v o l t a g e   l e v e l s   t h a t   h a v e   b e e n  

p r e v i o u s l y   m e n t i o n e d .   T h i s   can   be  f u r t h e r   e x p l a i n e d  

w i t h   r e f e r e n c e   to  FIG.   3  w h i c h   i s   an  e n l a r g e d ,  

s i m p l i f i e d   and  s o m e w h a t   e x a g g e r a t e d   c r o s s - s e c t i o n a l   v i e w  

of  a  p o r t i o n   of  t h e   a p p a r a t u s   shown  in  FIG.   2  a n d  

s h o w i n g   t h e   s l o t s   58  in  t he   o u t e r   s h e l l ,   and  t h e   c o r o n a  

d i s c h a r g e   m e m b e r s   68  c o m p r i s i n g   t h e   t w i s t e d   s t r i p .   T h e  

u p p e r   s t r i p   68  ( n e a r e r   t he   t o p   of  t h e   d r a w i n g )   i s  

o r i e n t e d   so  t h a t   t he   e d g e   i s   c e n t e r e d   in  t he   s l o t   a n d  

p r o v i d e s   a  c o r o n a   d i s c h a r g e   s p o t   f o r   g e n e r a t i n g   i o n s .  

The  l o w e r   t w i s t e d   s t r i p   68  i s   shown  to  be  a t   an  a n g l e  
r e l a t i v e   to  t h e   u p p e r   one  and  t h e   e d g e s   a r e   n e c e s s a r i l y  

s p a c e d   f a r t h e r   f rom  t h e   s h e l l   30  t h a n   when  i t   i s  

o r i e n t e d   as  shown  by  t h e   u p p e r   s t r i p   68.   The  e f f e c t   c a n  

a l s o   be  c h a r a c t e r i z e d   as  c r e a t i n g   a l t e r n a t i n g   a r e a s   o f  

h i g h   f i e l d   e n h a n c e m e n t   and  low  f i e l d   e n h a n c e m e n t ,   w i t h  

t h e   edge   b e i n g   o p p o s e d   as  a t   l o c a t i o n s   97  (FIG.   4)  

p r o v i d i n g   h i g h   f i e l d   e n h a n c e m e n t   and  w h e r e   a  f l a t  

p o r t i o n   f a c e s   t he   s l o t   c o m p r i s e s   a r e a s   of  low  f i e l d  

e n h a n c e m e n t .   To  c o n s e r v e  p o w e r   in  o p e r a t i n g   the   c o r o n a  

d i s c h a r g e   s t r i p s ,   a  h o l l o w   c y l i n d e r   98  can   be  p l a c e d  

a r o u n d   t he   s t r i p   68  a l o n g   t h e   l e n g t h   t h a t   is   o p p o s i t e  

t h e   web  p o r t i o n s   58  so  t h a t   c o r o n a   d i s c h a r g e   d o e s   n o t  

o c c u r   w h e r e   t he   c y l i n d e r s   a r e   l o c a t e d .   T h i s   p r e v e n t s  

c o r o n a   d i s c h a r g e   f rom  o c c u r r i n g   w h e r e   i t   w o u l d   p r o v i d e  

no  b e n e f i t   b e c a u s e   t h e   i o n s   t h a t   w o u l d   be  p r o d u c e d   w o u l d  

n o t   r e a c h   t he   c h a n n e l   due  to  t he   p r e s e n c e   of  t h e   w e b  

p o r t i o n s   5 8 .  

I t   s h o u l d   of  c o u r s e   be  a p p r e c i a t e d   t h a t   t h e r e  

w i l l   be  no  c o r o n a   d i s c h a r g e   b e t w e e n   a d j a c e n t   s t r i p s   68  



r e g a r d l e s s   of  t h e   r e l a t i v e   o r i e n t a t i o n s   of  t h e   t w i s t s  

b e c a u s e   a l l   of  t he   s t r i p s  a r e   a t   t he   same  p o t e n t i a l .   I n  

a d d i t i o n   to  t h e   a d v a n t a g e   of  u s i n g   t w i s t e d   s t r i p s   68  t o  

p r o v i d e   w e l l   d e f i n e d   c o r o n a   d i s c h a r g e   l o c a t i o n s ,   t h e  

t w i s t e d   s t r i p   a l s o   e l i m i n a t e s   t he   p r o b l e m   of  a l i g n i n g  

t h e   s t r i p   t h r o u g h   i t s   e n t i r e   l e n g t h   so  t h a t   t h e   edge   i s  

m a i n t a i n e d   f a c i n g   t he   s l o t   as  shown  by  the   u p p e r   s t r i p  

68  in  FIG.   3.  I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h i s   can   b e  

q u i t e   t r o u b l e s o m e   w i t h   an  u n t w i s t e d   s t r i p   c o n s i d e r i n g  

t h e   t h i n n e s s   of  t he   s t r i p   c o u p l e d   w i t h   t he   l e n g t h   of  t h e  

s t r i p ,   w h i c h   may  e x t e n d   a b o u t   30  f e e t   in  a  c o m m e r c i a l  

f l y   ash   p r e c i p i t a t i n g   a p p a r a t u s .   W h i l e   t he   t w i s t e d  

s t r i p   is   p r e f e r r e d   f o r   p r o d u c i n g   t h e   c o r o n a   d i s c h a r g e  

w i t h i n   t he   s h e l l   30,   a  s t r i p   or  w i r e   h a v i n g   o u t w a r d l y  

e x t e n d i n g   s p i k e s   or  p o i n t s   a t t a c h e d   to  i t   can   be  u s e d ,  

w i t h   t h e   s p i k e s   b e i n g   s t r a t e g i c a l l y   p l a c e d   a t   p r e f e r r e d  

s p a c e d   l o c a t i o n s   to  p r o v i d e   the   d e s i r e d   c o r o n a   d i s c h a r g e  

p a t t e r n .   In  t h i s   r e g a r d ,   s p i k e s   s h o u l d   n o t   be  p r o v i d e d  

on  the   s t r i p   or  w i r e   a t   t h o s e   l o c a t i o n s   t h a t   a r e  

o p p o s i t e   t he   web  p o r t i o n s   58  of  t h e   s h e l l   f o r   t h e   s a m e  

r e a s o n   t h a t   t he   c y l i n d e r   98  is   a t t a c h e d   to  t h e   t w i s t e d  

s t r i p ,   i . e . ,   to  r e d u c e   i n e f f i c i e n t   power   c o n s u m p t i o n .  

In  a d d i t i o n   to  i l l u s t r a t i n g   t h e   o r i e n t a t i o n   o f  

t h e   e d g e s   of  t he   c o r o n a   d i s c h a r g e   s t r i p   68,   FIG.   3  i s  

a l s o   u s e f u l   in  d e s c r i b i n g   t he   s p a t i a l   r e l a t i o n s h i p s  

b e t w e e n   the   c o r o n a   d i s c h a r g e   s t r i p s   68,   t he   c a t h o d e  

s h e l l   30,  t he   s l o t s   58  and  t he   c o l l e c t i n g   p l a t e s   24  a n d  

26.  The  d i s t a n c e   a  b e t w e e n   t h e   edge   of  t he   s t r i p   68  

when  i t   is   in  t h e   c l o s e s t   p o s i t i o n   r e l a t i v e   to  t he   s l o t  

and  t he   i n s i d e   of  the   s h e l l   w a l l   is  p r e f e r a b l y   a b o u t   1 

i n c h   to  a b o u t   2  i n c h e s .   W i t h   a  s h e l l   w a l l   t h i c k n e s s   o f  

a b o u t   1 /4   i n c h ,   the   d i s t a n c e  a   of  a b o u t   1  1 /2   i n c h e s ,  

t he   t o t a l   s h e l l   w i d t h   is  a b o u t   3  5 /8   i n c h e s   f o r   a  s t r i p  

w i d t h   of  1 /8   i n c h .   I t   is  p r e f e r r e d   t h a t   t he   s l o t   w i d t h  

b  be  a b o u t   1 /2   i n c h ,   a l t h o u g h   i t   may  be  as  s m a l l   a s  



a b o u t   1 /8   i n c h   or  as  l a r g e   as  a b o u t   7 /8   i n c h .   T h e  

d i s t a n c e   d  b e t w e e n   s l o t s   i s   p r e f e r a b l y   a b o u t   1  1 / 2  

i n c h e s   a l t h o u g h   a  l a r g e r   or  s m a l l e r   s p a c i n g   w i t h i n   t h e  

r a n g e   of  a b o u t   1  i n c h   to  a b o u t   2  i n c h e s   can   be  u s e d .  

The  d i s t a n c e   d  s h o u l d   be  as  s m a l l   as  p o s s i b l e   w i t h o u t  

m u t u a l   c o r o n a   s p o t   q u e n c h i n g   due  to  p r o x i m i t y   s h i e l d i n g .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t he   m u t u a l  

s h i e l d i n g   p r o v i d e d   by  t h e   a d j a c e n t   c o r o n a   d i s c h a r g e  

s t r i p s   d o e s   n o t   o c c u r   a  t h e   e n d m o s t   s t r i p s  a n d   t h a t  

t h e s e   o u t e r   s t r i p s   w i l l   be  p r o n e   to  e x c e s s i v e   c o r o n a  

d i s c h a r g e   and  w i l l   c o n s e q u e n t l y   p r o v i d e   a  h i g h   c u r r e n t  

d e n s i t y   t h a t   can  g e n e r a t e   u n d e s i r a b l e   b a c k   c o r o n a   f r o m  

the   c o l l e c t i n g   p l a t e s   24  and  26.  A c c o r d i n g l y ,   t he   o u t e r  

s t r i p s   s h o u l d   be  a d e q u a t e l y   s h i e l d e d   to  r e d u c e   t h e  

c o r o n a   d i s c h a r g e   t h e r e o f   to   a  l e v e l   c o m p a r a b l e   to  t h e  

m a i n   body  of  s t r i p s .   T h i s   i s   p r e f e r a b l y   done   by  p l a c i n g  

n o n c o r o n a   d i s c h a r g i n g   b a r s   or  c y l i n d e r s   99  a d j a c e n t   t h e  

end  s t r i p s   as  shown  in  FIG.   4.  The  b a r s   99  a r e   c h a r g e d  

to  t he   same  p o t e n t i a l   as  t h e   s t r i p s   68.  A l t e r n a t i v e l y ,  

t h i c k e r   s t r i p s   h a v i n g   l e s s e r   p r o c l i v i t y   to  c o r o n a   can   b e  

used   a t   t he   e n d s   so  t h a t   t h e  r e s u l t i n g   c o r o n a   l e v e l   i s  

c o m p a r a b l e   to  t h a t   of  t h e   i n t e r i o r   s t r i p s .  

The  o u t e r   s h e l l   30  may  be  made  of  a l u m i n u m ,  

m i l d   s t e e l   or  t h e   l i k e ,   and  p r e f e r a b l y   h a s   a  t h i c k n e s s  

of  a b o u t   1 / 1 6   i n c h   to  a b o u t   1 /4   i n c h .   The  o u t e r   s u r f a c e  

of  t he   s h e l l   30  i s   p r e f e r a b l y   c u r v e d   as  shown  a t   100  

b e c a u s e   a  s m a l l   r a d i u s   a t   t he   edge   of  t he   o p e n i n g   c a n  

p r o d u c e   s u f f i c i e n t   f i e l d   d i s t o r t i o n   to  l o w e r   t h e  

b r e a k d o w n   s t r e n g t h   b e l o w   t h e   o p t i m u m .   T h i s   can   o c c u r  

p a r t i c u l a r l y   w i t h   a  v e r y   t h i n   w a l l e d   s h e l l   30.  I f   t h e  

t h i c k n e s s   of  t he   s h e l l   is   o n l y   a b o u t   1 / 1 6   i n c h ,   t h e  

c u r v e d   p o r t i o n s   or  c o n t o u r s   100  may  be  s u i t a b l y   p r e s s e d  

or  d e f o r m e d   f o r   i n c r e a s i n g   t he   r a d i u s .   I f   t h e   t h i c k n e s s  

of  t he   s h e l l   is   too   g r e a t ,   t h e   p e n e t r a t i o n   of  t h e  

e x t r a c t i n g   e l e c t r i c   f i e l d   i n t o   t he   i n t e r i o r   of  t he   s h e l l  



w i l l   be  too   weak  to  p e r m i t   s u f f i c i e n t   i o n - c u r r e n t   to  b e  

w i t h d r a w n .   H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   when  a  

t h i c k   s h e l l   w a l l   i s   u s e d ,   t he   c o r o n a   c u r r e n t   can  b e  

i n c r e a s e d ,   t h e r e b y   i m p r o v i n g   t he   c o r o n a   p a t t e r n ,   w i t h o u t  

i n c u r r i n g   e x c e s s   i o n - c u r r e n t   d e n s i t y   on  the   s i d e  

c o l l e c t i n g   p l a t e s   24  and  26,   b u t   to  do  so  w i l l   r e s u l t   i n  

some  w a s t e   of  p o w e r   in  o p e r a t i n g   t h e   c o r o n a   d i s c h a r g e  

s t r i p s   6 8 .  

The  o u t e r   s h e l l   may  a l s o   be  a  w i r e   m e s h  

c o n s t r u c t i o n   a l t h o u g h   the   p r e v i o u s l y   d e s c r i b e d   g e n e r a l l y  
c o n t i n u o u s   s h e l l   w i t h   s l o t t e d   o p e n i n g s   or  t h e   l i k e   i s  

p r e f e r r e d .   In  t he   e v e n t   a  mesh  is   u s e d ,   i t   s h o u l d   be  o f  

a  s i z e   t h a t   d o e s   n o t   m a t e r i a l l y   d e s t r o y   t he   u n i f o r m i t y  

of  t h e   f i e l d   or  s i g n i f i c a n t l y   i n h i b i t   t he   e x t r a c t i o n   o f  

i o n s   f rom  t he   i n t e r i o r   of  t he   s h e l l   30.  I t   is   a l s o  

d e s i r a b l e   to  use   a  n a r r o w   s t r i p ,   p r e f e r a b l y   l e s s   t h a n  

a b o u t   1/4  i n c h   w i d e ,   or  e v e n   c o r o n a   d i s c h a r g e   w i r e s   w h e n  

a  mesh  i s   u s e d   to  e n s u r e   f u l l   c o v e r a g e   by  t h e  

i o n - c u r r e n t ,   and  w i t h   t h e   o p t i m u m   c h o i c e   of  mesh  s i z e ,  

s u f f i c i e n t   s i d e w a y s   s p r e a d i n g   of  t he   c h a r g e   on  t h e  

s u r f a c e   of  t he   d u s t   l a y e r   on  t h e   c o l l e c t i n g   p l a t e s   24 

and  26  s h o u l d   o c c u r   and  p r o v i d e   s u f f i c i e n t   c h a r g e  

p i n n i n g   o v e r   t he   e n t i r e   c o l l e c t i n g   p l a t e   a r e a .  

As  the   g a s e o u s   med ium  f l o w s   t h r o u g h   t h e  

d o w n s t r e a m   r e g i o n   of  t h e   a p p a r a t u s ,   as  shown  in  FIG.   2 ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   e n t r a i n e d   p a r t i c l e s   a r e  

s u b j e c t e d   to  i o n s   t h a t   a r e   i n j e c t e d   i n t o   t he   c h a n n e l  

t h r o u g h   t he   rows  of  o p e n i n g s   56  and  t h e   i o n s   w i l l   c h a r g e  

any  u n c h a r g e d   d u s t   so  t h a t   i t   is   c o l l e c t e d   on  t he   s i d e  

c o l l e c t i n g   p l a t e s   24  and  26.  I f   r e e n t r a i n m e n t   of  t h e  

p a r t i c l e s   o c c u r s ,   t h e n   t h e y   w i l l   a g a i n   be  s u b j e c t e d   t o  

i o n s   f rom  d o w n s t r e a m   rows  of  s l o t s   and  be  e f f e c t i v e l y  

r e c h a r g e d   and  t h e r e a f t e r   p r e c i p i t a t e d   o n t o   t h e  

c o l l e c t i n g   p l a t e s   in  a  s i m i l a r   m a n n e r .   Wi th   t h e  

c o n s i d e r a b l e   number   of  rows  of  o p e n i n g s ,   t he   d o w n s t r e a m  



p o r t i o n   of  t he   a p p a r a t u s   e f f e c t i v e l y   o p e r a t e s   b y  

c h a r g i n g   and  c o l l e c t i n g   o p p o s i t e   t h e   s l o t s ,   a n d  

c o l l e c t i n g   o n l y   o p p o s i t e   t h e   s h e l l   w h e r e   i o n s   a r e   n o t  

p r e s e n t .  

The  p o t e n t i a l   a p p l i e d   to  t h e   c o r o n a   d i s c h a r g e  

e l e m e n t s   68  and  to  t h e   ion  g e n e r a t i n g   m e a n s   o u t e r   s h e l l  

can   be  p r o v i d e d   by  t h e   c i r c u i t r y   shown  in  FIG.   5  w h i c h  

i n c l u d e s   r e s p e c t i v e   DC  p o w e r   s u p p l i e s   102  and  103  a s  

s h o w n .   The  power   s u p p l y   102  has   l i n e   1 0 4  - c o n n e c t e d   t o  

t he   s i d e   c o l l e c t i n g   p l a t e s   24  and  26  and  a r e   p r e f e r a b l y  

a t   g r o u n d   p o t e n t i a l .   The  n e g a t i v e   l i n e   105  of  t he   p o w e r  

s u p p l y   102  is  c o n n e c t e d   to  a  c u r r e n t   l i m i t i n g   r e s i s t o r  

106  w h i c h   is   a l s o   c o n n e c t e d   to  l i n e   108  t h a t   e x t e n d s   t o  

t h e   ion  g e n e r a t o r   s h e l l   30  f o r   c h a r g i n g   t h e   s h e l l   to  t h e  

d e s i r e d   n e g a t i v e   p o t e n t i a l   a b o u t   -60  kV  w i t h   r e s p e c t   t o  

t h e   c o l l e c t i n g   p l a t e s   24  and  26  as  p r e v i o u s l y  

m e n t i o n e d .   The  power   s u p p l y   104  has   i t s   n e g a t i v e   s i d e  

c o n n e c t e d   to  a  c u r r e n t   l i m i t i n g   r e s i s t o r   109  v i a   l i n e  

110  and  t h e   r e s i s t o r   109  i s   c o n n e c t e d   to  l i n e   111  t h a t  

e x t e n d s   to  a  c a p a c i t o r   112  and  r e s i s t o r   113 .   T h e  

r e s i s t o r   113  is   c o n n e c t e d   t o  t h e   c o r o n a   d i s c h a r g e  

e l e m e n t s   68  v i a   l i n e   114  w h i c h   i s   a l s o   c o n n e c t e d   to  a  

c a p a c i t o r   115 .   The  l i n e   114  i s   c o n n e c t e d   to  t h e   c o r o n a  

d i s c h a r g e   e l e m e n t s   68  l o c a t e d   w i t h i n   t h e   s h e l l   30  a n d  

a p p l i e s   t he   l a r g e r ,   more  n e g a t i v e   p o t e n t i a l   f o r  

p r o d u c i n g   t he   c o r o n a   d i s c h a r g e   w i t h i n   t h e   s h e l l   3 0 .  

A l t h o u g h   the   p o t e n t i a l   a p p l i e d   to  t he   c o r o n a   d i s c h a r g e  

e l e m e n t s   68  i s   p r e f e r a b l y   w e l l   b e l o w   t h a t   a t   w h i c h  

s p a r k i n g   o c c u r s ,   t h e r e   is   an  o p t i m u m   s p a r k i n g   r a t e  

b e t w e e n   t he   s h e l l   30  and  t he   c o l l e c t i n g   p l a t e s   24  a n d  

26,  and  t h i s   s p a r k i n g   c o u l d   i n d u c e   s y m p a t h e t i c   s p a r k i n g  

i n s i d e   the   s h e l l   t h a t   c o u l d   e r o d e   t h e   c o r o n a   d i s c h a r g e  

e l e m e n t s   68.  H o w e v e r ,   t he   r e s i s t o r s   106  and  113  and  t h e  

c a p a c i t o r s   112  and  115  e f f e c t i v e l y   e l e c t r i c a l l y   d e c o u p l e  
t h e s e   two  a r e a s   w h i c h  e n a b l e s   an  o p t i m a l   s p a r k i n g   r a t e  



to  o c c u r   o u t s i d e   t he   s h e l l   w i t h o u t   i n d u c i n g   s p a r k i n g  

w i t h i n   t he   s h e l l .  

In  t he   e v e n t   t h a t   s p a r k i n g   d o e s   o c c u r   b e t w e e n  

the   c o r o n a   d i s c h a r g e   e l e m e n t s   and  t he   s h e l l ,   i t   i s  

i m p o r t a n t   t h a t   i t   n o t   d e v e l o p   i n t o   an  a r c .   T h e  

c a p a c i t o r   112  t o g e t h e r   w i t h   t he   r e s i s t o r   109  s e r v e   t o  

q u i c k l y   q u e n c h   or  e x t i n g u i s h   t h e   a r c   t h a t   m i g h t   o c c u r  

b e t w e e n   t he   c o r o n a   d i s c h a r g e   e l e m e n t s   and  the   s h e l l   30 

and  t h e r e b y   p r o t e c t   t h e   c o r o n a   d i s c h a r g e   e l e m e n t s   68  

f rom  b e i n g   e r o d e d   or  s e v e r e d .   T h i s   is   p a r t i c u l a r l y  

i m p o r t a n t   in  t he   e v e n t   t he   t h i n   s t r i p s   a r e   u s e d   as  t h e .  

c o r o n a   d i s c h a r g e   e l e m e n t s ,   s i n c e   an  a r c   c o u l d   s e v e r   t h e m  

r e l a t i v e l y   e a s i l y .   The  t i m e   c o n s t a n t   of  t h e   r e s i s t o r  

109  and  c a p a c i t o r   112  s h o u l d   a l s o   be  s u f f i c i e n t l y   l a r g e  

t h a t   r e s t r i k i n g   of  t h e   a r c   d o e s   n o t   o c c u r .   In  t h e   e v e n t  

t h e   a r c   q u e n c h i n g   c i r c u i t   is   b e i n g   u s e d   in  a  l a r g e   f l y  

ash   p r e c i p i t a t o r ,   t he   s i z e   of  t he   c a p a c i t o r   may  b e  

s u f f i c i e n t l y   l a r g e   t h a t   i t s   d i s c h a r g e   upon  s p a r k i n g   m a y  
i t s e l f   damage   t he   c o r o n a   d i s c h a r g e   e l e m e n t s .   T h i s  

p r o b l e m   can   be  a l l e v i a t e d   by  a d d i n g   i n d u c t a n c e   to  t h e  

c i r c u i t .  

A l t e r n a t i v e l y ,   d a m a g e   to  t he   c o r o n a   w i r e s   i n  

t he   e v e n t   of  an  a r c   can   be  a l l e v i a t e d   by  use   of  a  

d i v e r t e r   c i r c u i t   w h e r e b y   t he   power   i s   r a p i d l y   d i v e r t e d  

by  a  f a s t   a c t i n g   s w i t c h   u n t i l   s l o w e r   a c t i n g   s w i t c h e s   c a n  

i n t e r r u p t   t he   c i r c u i t .  

S t i l l   a n o t h e r   s o l u t i o n   to  t h i s   p r o b l e m   is   t o  

s u p p l y   the   c o r o n a   v o l t a g e   f rom  a  h a l f - w a v e   r e c t i f i e r   s o  

t h a t   p e r i o d s   of  z e r o   v o l t a g e   o c c u r   n a t u r a l l y   to  p e r m i t  

any  a r c s   to  q u e n c h .   T h i s   s o l u t i o n   can   be  f u r t h e r  

i m p r o v e d   when  c o n d i t i o n s   a r e   p a r t i c u l a r l y   bad  b y  

s e l e c t i v e l y   s w i t c h i n g   o u t   more   t h a n   one  h a l f   c y c l e   s o  

t h a t   t he   a p p l i e d   h a l f - c y c l e s   of  v o l t a g e   o c c u r   w i t h  

l a r g e r   z e r o   i n t e r v a l s .  

S i n c e   t he   g a s e o u s   med ium  c a r r y i n g   t h e   p a r t i c l e s  



t h a t   a r e   to  be  r e m o v e d   p a s s e s   t h r o u g h   t h e   c h a n n e l   1 6  

a d j a c e n t   t he   s l o t s   58,   i t   is   d e s i r a b l e   to  m i n i m i z e   t h e  

a m o u n t   of  p a r t i c l e   l a d e n   med ium  w h i c h   e n t e r s   t he   s l o t s  

b e c a u s e   t he   p a r t i c l e s   a c c u m u l a t e   i n s i d e   t he   s h e l l   30  a n d  

e v e n t u a l l y   h a v e   to  be  r e m o v e d .   The  a c c u m u l a t i o n   o f  d u s t  

on  t h e   c o r o n a   d i s c h a r g e   e l e m e n t s   68  a l s o   has   t h e  

u n d e s i r a b l e   e f f e c t   of  i m p a i r i n g   t h e i r   p e r f o r m a n c e .   T o  

r e m o v e   the   p a r t i c l e s   t h a t   do  h a p p e n   to  e n t e r   t h e   s l o t s ,  

a  number   of  r e m o v a l   s l o t s   122  a r e   p r o v i d e d   in  t he   b o t t o m  

of  t he   s h e l l   30.  The  c o r o n a   d i s c h a r g e   c r e a t e s   an  e f f e c t  

w h i c h   is   o f t e n   r e f e r r e d   to  as  c o r o n a   wind   t h a t   i s  

d i r e c t e d   o u t w a r d l y   t h r o u g h   t h e   s l o t s   or  o t h e r   c o n f i g u r e d  

o p e n i n g s   and  t e n d s   to  b low  the   g a s e o u s   med ium  o u t w a r d l y  

so  t h a t   t he   p a r t i c l e s   a r e   i n h i b i t e d   f rom  e n t e r i n g   t h e  

i n t e r i o r   of  t he   s h e l l   30.  I t   i s   p r e f e r r e d   t h a t   t h e  

s h e l l   o n l y   have   o p e n i n g s   t h a t   a r e   a d j a c e n t   to  c o r o n a  

d i s c h a r g e   e l e m e n t s   68,  s u c h   as  shown  in  FIG.   3,  so  t h a t  

t h e   c o r o n a   wind  w i l l   be  p r e s e n t   o u t w a r d l y   t h r o u g h   t h e  

o p e n i n g s   and  w i l l   t h e r e b y   i n h i b i t   t h e   e n t r y   of  p a r t i c l e s  

i n t o   t he   i n t e r i o r   of  t h e   s h e l l .   The  o u t w a r d   f l o w  

t h r o u g h   the   o p e n i n g s   r e q u i r e s   r e p l e n i s h i n g   t he   s u p p l y   o f  

a i r   or  f l u i d   w i t h i n   t he   s h e l l ,   a n d ,   a c c o r d i n g l y ,   t h e  

i n t e r i o r   of  t h e   s h e l l   may  be  c o n n e c t e d   to  a  s u p p l y   o f  

c l e a n   gas   or  a i r ,   w h i c h   may  be  p r o v i d e d   v i a   t h e  

c y l i n d r i c a l   s u p p o r t s .  

The  s u p p l y   of  r e l a t i v e l y   c l e a n   a i r   may  a l s o   b e  

p r o v i d e d   by  u s i n g   t h e   d o w n s t r e a m   med ium  f l o w i n g   t h r o u g h  

t h e   c h a n n e l   i f   d e s i r e d .   S i n c e   t h e   med ium  w i l l   b e  

s i g n i f i c a n t l y   c l e a n e r   a t   t h e   d o w n s t r e a m   a n d ,   i . e . ,   t h e  

r i g h t w a r d   p o r t i o n   of  t he   c h a n n e l   shown  n  FIG.   2 ,  

a d d i t i o n a l   o p e n i n g s   n e a r   t he   r i g h t   end  50  may  b e  

p r o v i d e d   to  a l l o w   t h e   c l e a n   med ium  to  e n t e r   a n d  

r e p l e n i s h   t he   f l u i d   t h a t   f l o w s   o u t w a r d l y   t h r o u g h   t h e  

s l o t s   5 6 .  

A l t e r n a t i v e l y ,   t h e   i n s i d e   of  t he   s h e l l   may  b e  



p r o v i d e d   w i t h   a  s u p p l y   of  c l e a n   a i r   t h a t   has   a  p o s i t i v e  

p r e s s u r e   r e l a t i v e   to  t h a t   of  t he   c h a n n e l   16  so  t h a t   a  

more  p r o n o u n c e d   o u t w a r d   f l o w   of  c l e a n   gas   or  a i r   t h r o u g h  

t h e   s l o t s   e x i s t s ,   w h i c h   w o u l d   a l s o   i n h i b i t   t he   g a s e o u s  
medium  f rom  e n t e r i n g   t he   s l o t s .   The  v o l u m e   of  c l e a n   a i r  

r e q u i r e d   w o u l d   of  c o u r s e   d e p e n d   upon  the   number   of  r o w s  

of  s l o t s   or  o p e n i n g s   t h a t   a r e   p r e s e n t   as  w e l l   as  t h e  

o v e r a l l   s i z e   of  t he   o p e n i n g s .   Even  t h o u g h   t h e   a b o v e  

t e c h n i q u e s   can  be  u s e d   to  i n h i b i t   t he   p a r t i c l e s   f r o m  

e n t e r i n g   t he   o p e n i n g s   or  s l o t s ,   i t   is   mos t   d i f f i c u l t   t o  

a b s o l u t e l y   p r o h i b i t   p a r t i c l e s   f rom  d o i n g   so .   T h u s ,  

r a p p i n g   or  v i b r a t i n g   t h e   s h e l l   30  may  c o n v e n i e n t l y   b e  

u t i l i z e d   to  r e m o v e   t he   a c c u m u l a t e d   p a r t i c l e s   t h r o u g h   t h e  

l o w e r   o p e n i n g s   1 2 2 .  

To  r e d u c e   t h e   p r o b l e m   of  back   c o r o n a   b e t w e e n  

t he   c o l l e c t i n g   p l a t e s   24  and  26  and  t h e   s h e l l   30,  t h e  

r e s i s i t i v i t y   of  t he   d u s t   p a r t i c l e s   t h a t   a c c u m u l a t e   o n  

t h e   s i d e   p l a t e s   24  and  26  may  be  l o w e r e d .   Wi th   the   r o w s  

of  s l o t s   shown  in  FIG.   2,  t he   r e s i s t i v i t y   of  t h e  

a c c u m u l a t e d   p a r t i c l e s   may  need   to  be  l o w e r e d   o n l y   i n  

l o c a l i z e d   a r e a s   o p p o s i n g   t he   s l o t s   w h e r e   back   c o r o n a  

w i l l   mos t   l i k e l y   o c c u r .   L o w e r i n g   t he   r e s i s t i v i t y   of  t h e  

d u s t   p a r t i c l e s   can  be  a c h i e v e d   in  d i f f e r e n t   w a y s ,   i . e . ,  

when  t he   d u s t   is  f l y   a s h ,   t he   r e s i s t i v i t y   of  t he   d u s t  

l a y e r   can  be  l o w e r e d   by  i n t r o d u c i n g   a  f l u i d ,   s u c h   a s  

s t e a m ,   s u l f u r   t r i o x i d e ,   ammonia   or  t h e   l i k e   or  b y  

h e a t i n g   or  c o o l i n g   t he   c o l l e c t i n g   p l a t e   s t r u c t u r e   s i n c e  

t he   r e s i s t i v i t y   of  t he   d u s t   has   a  maximum  v a l u e   a t   a b o u t  

3 0 0 ° F . ,   w h i c h   is  c l o s e   to  t y p i c a l   o p e r a t i n g   t e m p e r a t u r e s  

of  f l y   ash  e f f l u e n t   g a s .  

R e f e r r i n g   to  FIG.   3,  a  m o d i f i c a t i o n   of  t h e  

a p p a r a t u s   may  i n c l u d e   a  number   of  t u b e s ,   s u c h   as  t h e  

t u b e s   126  p o s i t i o n e d   in  t he   s i d e   c o l l e c t i n g   p l a t e   24 

o p p o s i t e   the   o p e n i n g s   58.  The  edge   of  e a c h   of  t he   t u b e s  

is   p r e f e r a b l y   a l i g n e d   w i t h   t h e   s u r f a c e   of  t h e   c o l l e c t i n g  



p l a t e s   24  so  t h a t   t he   g e n e r a l   p l a n e   of  t he   s i d e   p l a t e   i s  

n o t   a p p r e c i a b l y   c h a n g e d   w h i c h   can   a f f e c t   t he   u n i f o r m i t y  

of  t h e   e l e c t r i c   f i e l d .   T u b e s   126  a r e   p r e f e r a b l y   made  o f  

s i n t e r e d   b r a s s   or  o t h e r   m a t e r i a l   t h a t   can   w i t h s t a n d  

r a p p i n g   as  w e l l   as  t he   c h e m i c a l   e n v i r o n m e n t   p o s e d   by  t h e  

medium  w h i c h   is   b e i n g   p u t   t h r o u g h   t h e   p r e c i p i t a t o r ,   a n d  

a l s o   be  s u f f i c i e n t l y   p o r o u s   t h a t   t he   s t e a m ,   s u l f u r  

t r i o x i d e ,   ammonia   or  t h e   l i k e   can  be  t r a n s m i t t e d   t h r o u g h  

t h e   w a l l   t h e r e o f .   D a m p e n i n g   t he   t u b e s   o p p o s i t e   t h e  

s l o t s   by  means   of  s t e a m   has   been   f o u n d   to  r e d u c e   t h e  

o c c u r r e n c e   of  u n d e s i r a b l e   back   c o r o n a ,   p a r t i c u l a r l y   a t  

t h e   v o l t a g e   l e v e l s   f rom  t h e   s h e l l   t h a t   h a v e   b e e n  

d e s c r i b e d   h e r e i n .   The  t u b e s   126  may  be  i n t e r c o n n e c t e d  

to  one  a n o t h e r   or  c o n n e c t e d   to  a  common  m a n i f o l d   t h a t   i s  

in  t u r n   c o n n e c t e d   to  a  s o u r c e   of  t h e   s t e a m   or  t he   l i k e  

a n d ,   in  t h i s   r e g a r d ,   i t   i s   p r e f e r r e d   t h a t   t he   m a n i f o l d  

n o t   be  p o r o u s   and  t h a t   t he   f l u i d   w i l l   o n l y   b e  

t r a n s m i t t e d   t h r o u g h   t h e   p o r o u s   w a l l s   of  t h e   t u b e s   t h a t  

a r e   l o c a t e d   in  t he   c o l l e c t i n g   p l a t e .  

To  p r e v e n t   back   c o r o n a   when  t h e   t u b e s   126  a r e  

n o t   u t i l i z e d ,   i t   is   i m p o r t a n t   t h a t   t he   maximum  c u r r e n t  

d e n s i t y   on  t he   c o l l e c t i n g   p l a t e s   24  and  26  be  l i m i t e d   t o  

a  few  h u n d r e d   n a n o a m p s / c m 2   and  p e r h a p s   as  l i t t l e   as  a  

v e r y   few  t e n s   of  n a n o a m p s / c m 2   w i t h   v e r y   h i g h  

r e s i s t i v i t y   p a r t i c u l a t e s .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  m o d i f i c a t i o n   t h e r e o f   i s   shown  i n  

FIG.   6  and  i n c l u d e s   an  u p s t r e a m   p r e c i p i t a t o r   r e g i o n   1 0 ' ,  

a  d o w n s t r e a m   p r e c i p i t a t o r   12 '   h a v i n g   t he   ion   g e n e r a t i n g  

means   28  t h e r e i n ,   i n c l u d i n g   a  f i n a l   d o w n s t r e a m   i o n  

g e n e r a t i n g   means   2 8 ' .   The  c o l l e c t i n g   p l a t e s   24'   and  2 6 '  

h a v e   a  s e c t i o n   24"  and  26"  a d j a c e n t   t he   f i n a l   i o n  

g e n e r a t i n g   means   28'   w h i c h   a r e   v e r t i c a l l y   r i b b e d   a s  

shown  in  F I G . . 6   as  w e l l   as  in  t he   e n l a r g e d   v i e w . o f   F I G .  

7.  The  r i b s   on  the   c o l l e c t i n g   p l a t e s   24"  and  26"  a r e  



s p a c e d   a p a r t   a  d i s t a n c e   e q u a l   to  an  i n t e g r a l   number   o f  

t i m e s   the   d i s t a n c e   b e t w e e n   t h e   s l o t s   5 8 ' ,   and  a r e  

p o s i t i o n e d   so  as  to  f a c e   t he   s h e l l   28'   a l o n g   l i n e s   l y i n g  

midway   b e t w e e n   s e l e c t e d   a d j a c e n t   s l o t s   58 '   to  p r o d u c e  

q u i e s c e n t   z o n e s   i m m e d i a t e l y   a d j a c e n t   t he   c o l l e c t i n g  

p l a t e s   2 4 '  a n d   26'   so  t h a t   t he   p a r t i c l e s   t h a t   a r e  

a c c u m u l a t e d   t h e r e o n   w i l l   be  more   l i k e l y   to  f a l l   b e l o w  

when  the   s i d e   p l a t e   is   r a p p e d   or  v i b r a t e d   and  t h e r e   w i l l  

be  l e s s   r e e n t r a i n m e n t   of  t he   p a r t i c l e s   i n t o   t he   m e d i u m .  

S i n c e   t he   f i n a l   s t a g e   r e p r e s e n t s  t h e   l a s t   o p p o r t u n i t y  

f o r   r e m o v i n g   the   p a r t i c l e s   b e f o r e   i t   r e a c h e s   t he   o u t l e t  

of  t he   a p p a r a t u s ,   any  p a r t i c l e s   t h a t   a r e   r e e n t r a i n e d   i n  

t h i s   s e c t i o n   w i l l   be  l o s t .   The  h e i g h t  t   of  t he   r i b s  

( s e e   FIG.   7)  is   p r e f e r a b l y   w i t h i n   t he   r a n g e   of  a b o u t   1 / 4  

to  1 /2   i n c h .   S i n c e   t he   r i b s   in  t h e   s i d e   p l a t e s  

e f f e c t i v e l y   r e d u c e   t he   u n i f o r m i t y   of  t he   e l e c t r i c   f i e l d  

t h a t   is   p r e s e n t   b e t w e e n   t he   ion  g e n e r a t i n g   means   28'   a n d  

t h e   s i d e   c o l l e c t i n g   p l a t e s ,   t he   p o t e n t i a l   a p p l i e d   to  t h e  

ion  g e n e r a t i n g   means   may  h a v e   to  be  r e d u c e d .  

A n o t h e r   s o l u t i o n   to  t he   p r o b l e m   o f  

r e e n t r a i n m e n t   of  p a r t i c l e s   i n t o   t he   med ium  when  t h e  

c o l l e c t i n g   p l a t e s   24  and  26  a r e   r a p p e d   or  v i b r a t e d   is  t o  

p r o v i d e   a  s e p a r a t e ,   a d d i t i o n a l   p r e c i p i t a t o r   s e c t i o n  

f o r m e d   of  one  or  more  c o r o n a   w i r e s   and  a s s o c i a t e d  

c o l l e c t i n g   p l a t e   or  p l a t e s ,   g e n e r a l l y   s i m i l a r   to  t h a t  

p r o v i d e d   in  the   u p s t r e a m   r e g i o n   10,  l o c a t e d   d o w n s t r e a m  

of  t he   ion  g e n e r a t i n g   means   28  to  r e c h a r g e . a n d   r e c o l l e c t  

any  s u c h   r e e n t r a i n e d   p a r t i c l e s .  

Ahead   of  t h e   u p s t r e a m   r e g i o n   10 '   is   a  

g r a v i t a t i o n a l   p r e c i p i t a t o r   130  w h i c h   is   p r o v i d e d   t o  

u t i l i z e   g r a v i t a t i o n a l   f o r c e   to  p r o v i d e   f a l l - o u t   of  t h e  

l a r g e r   p a r t i c l e s   b e f o r e   t h e y   r e a c h   t h e   e l e c t r i c a l  

p r e c i p i t a t o r s .   In  t h i s   r e g a r d ,   r e f e r e n c e   is   made  t o  

F IGS.   8  and  9  w h i c h   show  t h e   u p s t r e a m   r e g i o n   10 '   i n  

a d d i t i o n   to  t he   g r a v i t a t i o n a l   p r e c i p i t a t o r   s e c t i o n   1 3 0 ,  



w i t h   t he   s e c t i o n   130  c o m p r i s i n g   a  s e r i e s   of  s p a c e d   a p a r t  
i n c l i n e d   p l a t e   m e m b e r s   132  t h a t   p r e s e n t   a  p l u r a l i t y   o f  

s u r f a c e s   upon  w h i c h   t he   p a r t i c l e s   can   c o l l e c t .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   a  c o m m e r c i a l  

a p p a r a t u s   f o r   use   in  f l y   a sh   p r e c i p i t a t i o n   may  have   a  

h e i g h t   H  of  30  f e e t   or  more  and  t h a t   t h e   p o s s i b i l i t y   o f  

e f f e c t i v e l y   u t i l i z i n g   g r a v i t a t i o n a l   f a l l - o u t   is   r e m o t e  

u n l e s s   t he   i n c l i n e d   m e m b e r s   a r e   u s e d .   By  o r i e n t i n g   t h e  

m e m b e r s   a t   an  a n g l e   of  a b o u t   15°  to  a b o u t   30°  f r o m  

v e r t i c a l ,   t he   g r a v i t a t i o n a l   f a l l - o u t   can   be  a c h i e v e d   a n d  

y e t   p e r m i t   v i b r a t i n g   or  r a p p i n g   to  c a u s e   t he   p a r t i c l e s  

to  f a l l   i n t o   r e c e i v i n g   h o p p e r s   134 .   W h i l e   t h e   l e n g t h   L3 

of  t he   p r e c i p i t a t o r   s e c t i o n   130  may  v a r y ,   i t   i s  

p r e f e r a b l y   a b o u t   4  f e e t .   As  shown  in  F IGS .   8  and  9,  t h e  

p r e c i p i t a t o r   s e c t i o n   130  i s   p r o v i d e d   w i t h   a  number   o f  

t he   r e c e i v i n g   h o p p e r s   134  and  t h e   d r a w i n g   i s   shown  i n  

c o n j u n c t i o n   w i t h   a  p l u r a l i t y   of  c h a n n e l s ,   t he   p l a t e s   1 3 6  

b e i n g   the   s i d e   p l a t e s   of  a d j a c e n t   c h a n n e l s   as  p r e v i o u s l y  

d e s c r i b e d   w i t h   r e s p e c t   to  F IGS.   1  and  6.  The  i n c l i n e d  

p l a t e s   132  may  a l s o   be  f a b r i c a t e d   to  have   o u t e r  

c o n d u c t i v e   l a y e r s   and  an  i n s u l a t i n g   m a t e r i a l s  

t h e r e b e t w e e n .   The  l a y e r s   of  t he   p l a t e s   on  w h i c h   t h e  

p a r t i c u l a t e s   f a l l   can   be  n e g a t i v e l y   c h a r g e d   and  t h e  

o t h e r   l a y e r s   of  t he   p l a t e s   can  be  p o s i t i v e l y   c h a r g e d   s o  
t h a t   an  e l e c t r i c   f o r c e   a c t i n g   in  t h e   same  d i r e c t i o n   a s  

t h e   g r a v i t a t i o n a l   f o r c e   can  i n f l u e n c e   t h e   p a r t i c l e s  

d o w n w a r d l y   s i n c e   t h e y   h a v e   b e e n   shown  to  a c q u i r e   a  

p o s i t i v e   c h a r g e   t r i b o e l e c t r i c a l l y   a h e a d   of  t h e  

p r e c i p i t a t o r .   In  t h i s   r e g a r d ,   t he   e l e c t r i c   f i e l d   s h o u l d  

be  r e l a t i v e l y   s m a l l   so  t h a t   t h e   p r e v i o u s l y   m e n t i o n e d  

b o u n c i n g   p h e n o m e n o n   is   n o t   e x p e r i e n c e d .   I t   i s   i n t e n d e d  

t h a t   t he   e l e c t r i c   f i e l d   f o r c e   m e r e l y   s u p p l e m e n t   t h e  

g r a v i t a t i o n a l   f o r c e   in  r e m o v i n g   the   l a r g e r   p a r t i c l e s .  

A l t e r n a t i v e l y ,   a  c o n v e n t i o n a l   c y c l o n e  

p r e c i p i t a t i n g   u n i t   w h i c h   u t i l i z e s   c e n t r i f u g a l   f o r c e s   f o r  



p a r t i c l e   r e m o v a l   may  be  u s e d   a h e a d   of  t he   e l e c t r i c a l  

p r e c i p i t a t o r s   f o r   t h e   p u r p o s e   of  r e m o v i n g   t h e   l a r g e r  

p a r t i c u l a t e s .  

Yet   a n o t h e r   m o d i f i c a t i o n   of  t h e   a p p a r a t u s   i s  

shown  in  FIG.   10  and  i n c l u d e s   an  ion   g e n e r a t i n g   m e a n s  

28"  l o c a t e d   a h e a d   of  an  u p s t r e a m   s e c t i o n   10"  and  t he   i o n  

g e n e r a t i n g   means   28"  is   p r e f e r a b l y   c h a r g e d   to  a  l o w e r  

p o t e n t i a l   t h a n   t h e   d o w n s t r e a m   r e g i o n   and  is  i n t e n d e d   t o  

r e m o v e   l a r g e   p a r t i c l e s   b e f o r e   t h e y   r e a c h   the   u p s t r e a m  

r e g i o n   1 0 " .   In  t h i s   r e g a r d ,   t he   use   of  an  i o n  

g e n e r a t i n g   means   28"  may  p r o v i d e   an  e l e c t r i c   f i e l d   t h a t  

is   l e s s   t h a n   a b o u t   1  kV/cm  so  t h a t   t h e   f o r c e   t h a t   i s  

e x e r t e d   on  t he   l a r g e   p a r t i c l e s   w i l l   n o t   be  e x c e s s i v e   a n d  

w i l l   no t   p r o d u c e   t h e   b o u n c i n g   e f f e c t   p r e v i o u s l y  

d i s c u s s e d .   I t   is  a l s o   c o n t e m p l a t e d   t h a t   a  s e p a r a t e ,  

a d d i t i o n a l   s e c t i o n   of  c o r o n a   d i s c h a r g e   w i r e s   s i m i l a r   t o  

the   u p s t r e a m   r e g i o n   10  be  p r o v i d e d   a h e a d   of  t he   u p s t r e a m  

r e g i o n ,   w i t h   t he   e l e c t r i c   f i e l d   in  t h i s   s e c t i o n   b e i n g  

s u b s t a n t i a l l y   l o w e r   t h a n   in  t he   u p s t r e a m   r e g i o n ,   f o r   t h e  

same  r e a s o n s .  

I t   s h o u l d   be  u n d e r s t o o d   f rom  t he   f o r e g o i n g  

d e t a i l e d   d e s c r i p t i o n   t h a t   an  i m p r o v e d   p r e c i p i t a t i n g  

a p p a r a t u s   has   been   shown  and  d e s c r i b e d   w h i c h   a c h i e v e s  

r e l i a b l e   o p e r a t i o n   a t   e f f i c i e n t   power   l e v e l s .   T h e  

d o w n s t r e a m   r e g i o n   w i t h   i t s   ion  g e n e r a t i n g   means   is  o f  

s u p e r i o r   d e s i g n   w h i c h ,   when  u s e d   w i t h   t he   u p s t r e a m  

r e g i o n ,   r e s u l t s   in  t he   r e m o v a l   of  p a r t i c l e s   a t   r a t e s  

t h a t   h a v e   n o t   b e e n   h e r e t o f o r e   p o s s i b l e .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   w h i l e   c e r t a i n  

p r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   have   b e e n  

i l l u s t r a t e d   and  d e s c r i b e d ,   v a r i o u s   m o d i f i c a t i o n s   t h e r e o f  

w i l l   become   a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t ,   a n d ,  

a c c o r d i n g l y ,   t he   s c o p e   of  t he   p r e s e n t   i n v e n t i o n   s h o u l d  

be  d e f i n e d   o n l y   by  t h e   a p p e n d e d   c l a i m s   and  e q u i v a l e n t s  

t h e r e o f .  



V a r i o u s   f e a t u r e s   of  t he   i n v e n t i o n   a r e   s e t   f o r t h  

in  t he   f o l l o w i n g   c l a i m s .  



1.  A  m u l t i - s t a g e   s y s t e m   f o r   r e m o v i n g   p a r t i c l e s  

f r o m   a  g a s e o u s   med ium  c a r r y i n g   t he   s a m e ,   c o m p r i s i n g :   a  

f l o w   c h a n n e l   t h r o u g h   t he   s y s t e m   t h r o u g h   w h i c h   t h e  

g a s e o u s   medium  p a s s e s   in  a  d o w n s t r e a m   d i r e c t i o n ;   a  f i r s t  

p r e c i p i t a t i n g   s t a g e   w i t h i n   s a i d   c h a n n e l   c o m p r i s i n g   a n  

e l a s t r o s t a t i c   p r e c i p i t a t o r   of  t h e   t y p e   w h i c h   has   a t  

l e a s t   one  c h a r g e d   w i r e   w i t h i n   s a i d   c h a n n e l   f o r   p r o d u c i n g  

a  c o r o n a   d i s c h a r g e   f o r   c h a r g i n g   p a r t i c l e s   w i t h i n   t h e  

g a s e o u s   m e d i u m ,   and  a t   l e a s t   one  c o l l e c t i n g   p l a t e   s p a c e d  

f rom  s a i d   w i r e   f o r   c o l l e c t i n g   t he   c h a r g e d   p a r t i c l e s ;   a  

s e c o n d   p r e c i p i t a t i n g   s t a g e   w i t h i n   s a i d   c h a n n e l ,   s a i d  

s e c o n d   s t a g e   b e i n g   l o c a t e d  d o w n s t r e a m   of  s a i d   f i r s t  

s t a g e   and  c o m p r i s i n g   a t   l e a s t   one  c o n d u c t i v e   s h e l l  

m e a n s ,   e a c h   s h e l l   means   h a v i n g   a  c o r o n a   d i s c h a r g e   m e a n s  

l o c a t e d   t h e r e w i t h i n ,   a d j a c e n t   c o l l e c t i n g   p l a t e   m e a n s  

a s s o c i a t e d   w i t h   and  s p a c e d   f rom  e a c h   s a i d   s h e l l   m e a n s ,  

t he   s p a c e   b e t w e e n   s a i d   s h e l l   means   and  s a i d   a s s o c i a t e d  

c o l l e c t i n g   p l a t e   means   d e f i n i n g   a  p a t h w a y   w i t h i n   s a i d  

c h a n n e l   t h r o u g h   w h i c h   t he   med ium  p a s s e s ,   s a i d   s h e l l  

m e a n s   b e i n g   s p a c e d   and  c h a r g e d   to  a  s u f f i c i e n t   p o t e n t i a l  

to  m a i n t a i n   a  s t r o n g   g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d  

b e t w e e n   e a c h   of  s a i d   s h e l l   means   and  s a i d   a s s o c i a t e d  

c o l l e c t i n g   p l a t e   m e a n s ,   e a c h   of  s a i d   s h e l l   means   h a v i n g  

a  p l u r a l i t y   of  o p e n i n g s   t h e r e i n   t h r o u g h   w h i c h   i o n s  

g e n e r a t e d   by  s a i d   c o r o n a   d i s c h a r g e   means   can  p a s s   a n d  

e n t e r   s a i d   p a t h w a y   to  c h a r g e   t h e   p a r t i c l e s   w i t h i n   t h e  

m e d i u m ,   s a i d   o p e n i n g s   b e i n g   s u f f i c i e n t l y   l a r g e   to  p a s s  

e n o u g h   i o n s   t h e r e t h r o u g h   to  c h a r g e   t he   p a r t i c l e s   w h i l e  

no t   b e i n g   so  l a r g e   so  as  to  s i g n i f i c a n t l y   d i s r u p t   t h e  

g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d ,   s a i d   e l e c t r i c   f i e l d  

d r i v i n g   s a i d   c h a r g e d   p a r t i c l e s   t o w a r d   s a i d   a s s o c i a t e d  

c o l l e c t i n g   p l a t e   means   w h e r e   t h e y   a r e   c o l l e c t e d   t h e r e o n .  



2.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

f i r s t   s t a g e   has   a t   l e a s t   t h r e e   p a r a l l e l   c o l l e c t i n g  

p l a t e s   g e n e r a l l y   a l i g n e d   in  t h e   d i r e c t i o n   of  f l o w   of  t h e  

medium  p a s s i n g   t h e r e t h r o u g h ,   and  s e p a r a t e   s e t s   o f  

c h a r g e d   w i r e s   l o c a t e d   b e t w e e n   a d j a c e n t   c o l l e c t i n g   p l a t e s .  

3.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t a g e   i n c l u d e s   a t   l e a s t   two  of  s a i d   s h e l l   m e a n s  

s e r i a l l y   l o c a t e d   w i t h i n   s a i d   c h a n n e l .  

4.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t a g e   i n c l u d e s   a t   l e a s t   two  of  s a i d   s h e l l   m e a n s  

l o c a t e d   w i t h i n   s a i d  c h a n n e l   p a r a l l e l   to  one  a n o t h e r ,   a n d  

one  of  s a i d   p l a t e   means   l o c a t e d   b e t w e e n   e a c h   p a i r   o f  

p a r a l l e l   p o s i t i o n e d   s h e l l   m e a n s .  

5.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

s e c o n d   s t a g e   i n c l u d e s   a t   l e a s t   two  of  s a i d   s h e l l   m e a n s  

l o c a t e d   w i t h i n   s a i d   c h a n n e l ,   a t   l e a s t   two  of  s a i d   s h e l l  

means   b e i n g   g e n e r a l l y   in  t he   same  p l a n e   and  p o s i t i o n e d  

a t   the   same  l o c a t i o n   in  s a i d   c h a n n e l   r e l a t i v e   to  t h e  

d i r e c t i o n   of  f l o w   of  t he   med ium  t h r o u g h   t he   c h a n n e l .  

6.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   means   c o m p r i s e s   a  p l u r a l i t y   of  c o r o n a  

d i s c h a r g e   m e m b e r s   l o c a t e d   w i t h i n   s a i d   s h e l l   means   a n d  

s e c u r e d   a t   o p p o s i t e   end  p o r t i o n s   t h e r e o f ,   s a i d   m e m b e r s  

b e i n g   e l e c t r i c a l l y   i n s u l a t e d   f rom  s a i d   c o n d u c t i v e   s h e l l  

means   so  t h a t   t h e y   can   be  c h a r g e d   to  a  p o t e n t i a l  

d i f f e r e n t   f rom  t he   p o t e n t i a l   a p p l i e d   to  s a i d   s h e l l   m e a n s .  

7.  A  s y s t e m   as  d e f i n e d   in  C l a i m   6  w h e r e i n   s a i d  

s h e l l   means   has   two  g e n e r a l l y   f l a t   s i d e   p o r t i o n s  

g e n e r a l l y   p a r a l l e l   to  one  a n o t h e r ,   and  t o p ,   b o t t o m ,  

f r o n t   and  end  p o r t i o n s   w h i c h   a r e   c u r v e d   to  s m o o t h l y  

merge   w i t h   s a i d   s i d e   p o r t i o n s .  

8.  A  s y s t e m   as  d e f i n e d   in  C l a i m   7  w h e r e i n   s a i d  

s h e l l   means   c o m p r i s e s   a  s t r u c t u r a l l y   r i g i d   e l e c t r i c a l l y  

c o n d u c t i v e   m a t e r i a l .  

9.  A  s y s t e m   as   d e f i n e d   in  C l a i m   8  w h e r e i n   t h e  



o p e n i n g s   in  s a i d   s h e l l   means   a r e   a r r a n g e d   in  rows  t h a t  

a r e   o r i e n t e d   in  a  d i r e c t i o n   g e n e r a l l y   t r a n s v e r s e   to  t h e  

d i r e c t i o n   of  f l o w   of  s a i d   med ium  p a s s i n g   t h r o u g h   s a i d  

p a t h w a y .  

10.  A  s y s t e m   as  d e f i n e d   in  C l a i m   9  w h e r e i n   a t  

l e a s t   one  of  s a i d   c o r o n a   d i s c h a r g e   m e m b e r s   is   l o c a t e d  

a d j a c e n t   e a c h   of  s a i d   rows  of  o p e n i n g s ,   so  t h a t   i o n s  

p r o d u c e d   by  s a i d   m e m b e r s   p a s s   t h r o u g h   the   o p e n i n g s   o f  

t h e   a d j a c e n t   a s s o c i a t e d   r o w .  

11.   A  s y s t e m   as  d e f i n e d   in  C l a i m   9  w h e r e i n   s a i d  

o p e n i n g s   c o m p r i s e   e l o n g a t e d   s l o t s ,   t he   e n d s   of  w h i c h   a r e  

s e p a r a t e d   by  web  p o r t i o n s   of  s a i d   s h e l l   m e a n s .  

12.  A  s y s t e m   as  d e f i n e d   in  C l a i m   11  w h e r e i n   t h e  

web  p o r t i o n s   b e t w e e n   a d j a c e n t   s l o t s   of  a  row  a r e   o f f s e t  

r e l a t i v e   to  web  p o r t i o n s   of  a d j a c e n t   r o w s .  
13.  A  s y s t e m   as  d e f i n e d   in  C l a i m   6  w h e r e i n   s a i d  

s h e l l   means   c o m p r i s e s   an  e l e c t r i c a l l y   c o n d u c t i v e   w i r e  

mesh  c o n s t r u c t i o n ,   t he   s p a c i n g   b e t w e e n   w i r e s   of  s a i d  

mesh  d e f i n i n g   s a i d   o p e n i n g s .  

14.   A  s y s t e m   as  d e f i n e d   in  C l a i m   8  w h e r e i n   s a i d  

s h e l l   means   c o m p r i s e s   s t e e l   or  a l u m i n u m   h a v i n g   a  
t h i c k n e s s   w i t h i n   t he   r a n g e   of  a b o u t   1 / 1 6   i n c h   to  a b o u t  

1 /4   i n c h .  

15.  A  s y s t e m   as  d e f i n e d   in  C l a i m   8  w h e r e i n  

a d d i t i o n a l   o p e n i n g s   a r e   l o c a t e d   in  s a i d   b o t t o m   p o r t i o n  

of  s a i d   s h e l l   means   to  p e r m i t   p a r t i c u l a t e s   t h a t  

a c c u m u l a t e   i n s i d e   of  s a i d   s h e l l   means   to  be  r e m o v e d  

t h e r e f r o m .  

16.  A  s y s t e m   as  d e f i n e d   in  C l a i m   7  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   m e m b e r s   c o m p r i s e   t h i n   w i r e s .  

17.  A  s y s t e m   as  d e f i n e d   in  C l a i m   7  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   m e m b e r s   c o m p r i s e   t h i n   e l e c t r i c a l l y  

c o n d u c t i v e   s t r i p s   h a v i n g   a  w i d t h   s u b s t a n t i a l l y   g r e a t e r  
t h a n   the   t h i c k n e s s   t h e r e o f .  

18.  A  s y s t e m   as  d e f i n e d   in  C l a i m   17  w h e r e i n  



s a i d   c o n d u c t i v e   s t r i p s   a r e   t w i s t e d   a l o n g   t h e i r   l e n g t h   t o  

p r e s e n t   u n i f o r m l y   s p a c e d   edge   l e n g t h   p o r t i o n s   t h a t   a r e  

r e l a t i v e l y   c l o s e r   to  s a i d   s h e l l   m e a n s ,   s a i d   p r e s e n t e d  

edge   l e n g t h   p o r t i o n s   e x p e r i e n c i n g   e l e c t r i c a l   f i e l d  

e n h a n c e m e n t   r e l a t i v e   to  t h e   p o r t i o n s   of  t he   s t r i p  

i n t e r m e d i a t e   s a i d   p r e s e n t e d   edge   l e n g t h   p o r t i o n s ,   s a i d  

edge   l e n g t h   p o r t i o n s   e x h i b i t i n g   c o r o n a   d i s c h a r g e   a t  

d e s i r e d   l o c a t i o n s   g e n e r a l l y   u n i f o r m l y   s p a c e d   a l o n g   t h e  

l e n g t h   of  t he   s t r i p .  

19.  A  s y s t e m   as  d e f i n e d   in  C l a i m   6  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   m e m b e r s   l o c a t e d   w i t h i n   s a i d   c o n d u c t i v e  

s h e l l   means   a r e   p o s i t i o n e d   t h e r e i n   so  t h a t   t h e y   a r e  

s p a c e d   w i t h i n   t he   r a n g e   of  a b o u t   1  i n c h   to  a b o u t   2 

i n c h e s   f rom  s a i d   s h e l l   m e a n s .  

20.  A  s y s t e m   as  d e f i n e d   in  C l a i m   9  w h e r e i n   s a i d  

e l o n g a t e d   o p e n i n g s   have   a  w i d t h   w i t h i n   t he   r a n g e   o f  

a b o u t   1 /8   i n c h   to  a b o u t   7 /8   i n c h .  

21.  A  s y s t e m   as  d e f i n e d   in  C l a i m   9  w h o r e i n   t h e  

s p a c i n g   b e t w e e n   c e n t e r s   of  a d j a c e n t   rows   i s   w i t h i n   t h e  

r a n g e   of  a b o u t   1  i n c h   to  a b o u t   2  i n c h e s .  

22.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   means   l o c a t e d   i n s i d e   of  s a i d   c o n d u c t i v e  

s h e l l   m e a n s   is   c h a r g e d   to  an  e l e c t r i c a l   p o t e n t i a l   w i t h i n  

t h e   r a n g e   of  a b o u t   -40  kV  to  a b o u t   -100  kV  and  s a i d  

s h e l l   means   is   c h a r g e d   to  a  p o t e n t i a l   w i t h i n   t he   r a n g e  
of  a b o u t   -30  kV  to  a b o u t   -80  kV  r e l a t i v e   to  s a i d  

a s s o c i a t e d   c o l l e c t i n g   p l a t e   m e a n s .  

23.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

c o r o n a   d i s c h a r g e   means   l o c a t e d   i n s i d e   of  s a i d   c o n d u c t i v e  

s h e l l   means   is  c h a r g e d   to  an  e l e c t r i c a l   p o t e n t i a l   w i t h i n  

the   r a n g e   of  a b o u t   40  kV  to  a b o u t   100  kV  and  s a i d   s h e l l  

means   is  c h a r g e d   to  a  p o t e n t i a l   w i t h i n   t he   r a n g e   o f  

a b o u t   30  kV  to  a b o u t   80  kV  r e l a t i v e   to  s a i d   a s s o c i a t e d  

c o l l e c t i n g   p l a t e   m e a n s .  

24.  A  s y s t e m  a s   d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  



31.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  f u r t h e r  

i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e   l o c a t e d   u p s t r e a m  

of  s a i d   f i r s t   s t a g e ,   s a i d   t h i r d   s t a g e   c o m p r i s i n g  

p r e c i p i t a t i n g   means   of  t he   t y p e   w h i c h   u t i l i z e s  

n o n e l e c t r i c a l   f o r c e s   to  r e m o v e   l a r g e r   p a r t i c l e s   f r o m  

s a i d   med ium  b e f o r e   t he   medium  r e a c h e s   s a i d   f i r s t   s t a g e .  

32.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  f u r t h e r  

i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e   l o c a t e d   u p s t r e a m  

of  s a i d   f i r s t   s t a g e   and  b e i n g   of  t h e   t y p e   w h i c h  

e l e c t r i c a l l y   c h a r g e s   t he   p a r t i c l e s   w i t h i n   s a i d   m e d i u m  

and  w h i c h   u t i l i z e s   an  e l e c t r i c   f i e l d   f o r   d r i v i n g   t h e  

c h a r g e d   p a r t i c l e s   t o w a r d   a  c o l l e c t i n g   p l a t e ,   t h e  

s t r e n g t h   of  t he   e l e c t r i c   f i e l d   of  s a i d   t h i r d   s t a g e   b e i n g  

s u b s t a n t i a l l y   l e s s   t h a n   t he   e l e c t r i c   f i e l d   p r o v i d e d   i n  

e i t h e r   of  s a i d   f i r s t   and  s e c o n d   s t a g e s .  
33.  A  s y s t e m   as  d e f i n e d   in  any  of  C l a i m s   1  

t h r o u g h   30  f u r t h e r   i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e  

l o c a t e d   u p s t r e a m   of  s a i d   f i r s t   s t a g e ,   s a i d   t h i r d   s t a g e  

c o m p r i s i n g   p r e c i p i t a t i n g   means   of  t he   t y p e   w h i c h   u t i l i z e  

c e n t r i f u g a l   f o r c e   fo r   s e p a r a t i n g   p a r t i c l e s   f rom  s a i d  

m e d i u m .  

34.  A  s y s t e m   as  d e f i n e d   in  any  of  C l a i m s   1 

t h r o u g h   30  f u r t h e r   i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e  

l o c a t e d   u p s t r e a m   of  s a i d   f i r s t   s t a g e ,   s a i d   t h i r d   s t a g e  

c o m p r i s i n g   p r e c i p i t a t i n g   means   of  t he   t y p e   in  w h i c h  

p a r t i c l e s   a r e   r e m o v e d   f rom  t he   medium  by  s e t t l i n g   o u t   o f  

t he   medium  o n t o   a t   l e a s t   one  r e c e i v i n g   s u r f a c e   due  t o  

g r a v i t a t i o n a l   f o r c e s   a c t i n g   t h e r e o n .  

35.  A  s y s t e m   as  d e f i n e d   in  any  of  C l a i m s   1 

t h r o u g h   30  f u r t h e r   i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e  

l o c a t e d   u p s t r e a m   of  s a i d   f i r s t   s t a g e ,   s a i d   t h i r d   s t a g e  

c o m p r i s i n g   an  e l e c t r o s t a t i c   p r e c i p i t a t o r   of  t h e   t y p e  

w h i c h   has   one  or  more  c h a r g e d   w i r e s   s p a c e d   f rom  o n e  

a n o t h e r   f o r   p r o d u c i n g   a  c o r o n a   d i s c h a r g e   f o r   c h a r g i n g  

p a r t i c l e s   w i t h i n   t he   g a s e o u s   m e d i u m ,   and  a t   l e a s t   o n e  



a s s o c i a t e d   p l a t e   means   is   s p a c e d   f rom  s a i d   s h e l l   means   a  

p r e d e t e r m i n e d   d i s t a n c e   w i t h i n   t he   r a n g e   of  a b o u t   1  i n c h  

to  a b o u t   4  i n c h e s .  

25.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

p l a t e   means   of  s a i d   s e c o n d   s t a g e   i n c l u d e s  a   p o r o u s  

member   l o c a t e d   o p p o s i t e   a t   l e a s t   one  of  s a i d   o p e n i n g s ,  

s a i d   member  b e i n g   p r o v i d e d   w i t h   a  f l u i d   w h i c h   can   p a s s  

t h r o u g h   t he   p o r o u s   member   and  r e d u c e   t he   r e s i s t i v i t y   o f  

t he   p a r t i c l e s   c o l l e c t e d   t h e r e o n   and  t h e r e b y   r e d u c e   t h e  

p o s s i b i l i t y   of  back   c o r o n a .  

26.  A  s y s t e m   as  d e f i n e d   in  C l a i m   25  w h e r e i n  

s a i d   p o r o u s   member  c o m p r i s e s   h o l l o w   p o r o u s   t u b i n g  

t h r o u g h   w h i c h   f l u i d   i s   t r a n s m i t t e d ,   t he   e x p o s e d   p o r t i o n  

of  s a i d   t u b i n g   b e i n g   g e n e r a l l y   in  t he   same  p l a n e   as  s a i d  

w a l l   m e a n s .  

27.  A  s y s t e m   as  d e f i n e d   in  C l a i m   26  w h e r e i n  

s a i d   p o r o u s   t u b i n g   c o m p r i s e s   s i n t e r e d   m e t a l .  

28.  A  s y s t e m   as  d e f i n e d   in  C l a i m   6  w h e r e i n   s a i d  

m e m b e r s   l o c a t e d   on  o p p o s i t e   e n d s   of  s a i d   p l u r a l i t y   o f  

m e m b e r s   a r e   of  i n c r e a s e d   c r o s s - s e c t i o n a l   s i z e   and  a r e  

f r e e   f r o m . a n y   s h a r p   e d g e s   to  r e d u c e   t h e i r   p r o c l i v i t y   t o  

c o r o n a   d i s c h a r g e   r e l a t i v e   to  i n t e r i o r   o n e s   of  s a i d  

p l u r a l i t y   of   s a i d   m e m b e r s   to  t h e r e b y   c o m p e n s a t e   f o r   t h e  

a b s e n c e   of  m u t u a l   s h i e l d i n g   p r o d u c e d   by  a d j a c e n t   m e m b e r s  

l o c a t e d   on  b o t h   s i d e s   t h e r e o f .  

29.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

w i r e s   of  s a i d   f i r s t   s t a g e   h a v e   a  p o t e n t i a l . a p p l i e d  

t h e r e t o   r e l a t i v e   to  s a i d   p l a t e   means   to  p r o v i d e   a  m e a n  

e l e c t r i c   f i e l d   s t r e n g t h   of  a b o u t   4  k V / c m .  

30.  A  s y s t e m   as  d e f i n e d   in  C l a i m   1  w h e r e i n   a t  

l e a s t   t he   d o w n s t r e a m   p o r t i o n   of  t he   c o l l e c t i n g   p l a t e  

means   a s s o c i a t e d   w i t h   s a i d   c o n d u c t i v e   s h e l l   m e a n s  

i n c l u d e s   a  p l u r a l i t y   of  v e r t i c a l   r i b s   e x t e n d i n g   i n w a r d l y  

t o w a r d s   s a i d   s h e l l   means   to  m i n i m i z e   t h e   r e e n t r a i n m e n t  

of  p a r t i c l e s   back   i n t o   t he   g a s e o u s   m e d i u m .  



c o l l e c t i n g   p l a t e   s p a c e d   f rom  s a i d   w i r e s  f o r   c o l l e c t i n g  

t h e   c h a r g e d   p a r t i c l e s .  

36.  A  s y s t e m   as  d e f i n e d   in  any  of  C l a i m s   1 

t h r o u g h   30  f u r t h e r   i n c l u d i n g   a  t h i r d   p r e c i p i t a t i n g   s t a g e  

l o c a t e d   u p s t r e a m   of  s a i d   f i r s t   s t a g e ,   s a i d   t h i r d   s t a g e  

c o m p r i s i n g  o n e   or  more   c o n d u c t i v e   s h e l l   m e a n s ,   e a c h  

s h e l l   means   h a v i n g   a  c o r o n a   d i s c h a r g e   means   l o c a t e d  

t h e r e w i t h i n ,   a d j a c e n t   p l a t e   means   a s s o c i a t e d   w i t h   a n d  

s p a c e d   f rom  e a c h   s a i d   s h e l l   m e a n s ,   t he   s p a c e   b e t w e e n  

s a i d   s h e l l   means   and  s a i d   a s s o c i a t e d   p l a t e   m e a n s  

d e f i n i n g   a  p a t h w a y   w i t h i n   s a i d   c h a n n e l   t h r o u g h   w h i c h   t h e  

medium  p a s s e s ,   s a i d   s h e l l   m e a n s   b e i n g   s p a c e d   and  c h a r g e d  

to  a  s u f f i c i e n t   p o t e n t i a l   to  m a i n t a i n   a  u n i f o r m   e l e c t r i c  

f i e l d   b e t w e e n   e a c h   of  s a i d   s h e l l   m e a n s   and  s a i d  

a s s o c i a t e d   p l a t e   m e a n s ,   e a c h   of  s a i d   s h e l l   means   h a v i n g  

a  p l u r a l i t y   of  o p e n i n g s   t h e r e i n   t h r o u g h   w h i c h   i o n s  

g e n e r a t e d   by  s a i d   c o r o n a   d i s c h a r g e   means   can   p a s s   a n d  

e n t e r   t he   p a t h w a y   to  c h a r g e   t he   p a r t i c l e s   w i t h i n   t h e  

m e d i u m ,   s a i d   o p e n i n g s   b e i n g   s u f f i c i e n t l y   l a r g e   to  p a s s  

e n o u g h   i o n s   t h e r e t h r o u g h   to  c h a r g e   t h e   p a r t i c l e s   w h i l e  

n o t   b e i n g . s o   l a r g e   so  as  to  s i g n i f i c a n t l y   d i s r u p t   t h e  

g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d ,   s a i d   e l e c t r i c   f i e l d  

d r i v i n g   s a i d   c h a r g e d   p a r t i c l e s   t o w a r d   t h e   a s s o c i a t e d  

p l a t e   means   w h e r e   t h e y   a r e   c o l l e c t e d   t h e r e o n .  

37.  A  s y s t e m   as  d e f i n e d   in  any  of  C l a i m s   1 

t h r o u g h   32  i n c l u d i n g   a  f u r t h e r   p r e c i p i t a t i n g   s t a g e  

l o c a t e d   d o w n s t r e a m   of  s a i d   s e c o n d   s t a g e   and  c o m p r i s i n g  

an  e l e c t r o s t a t i c   p r e c i p i t a t o r   of  t he   t y p e   w h i c h   has   o n e  

or  more  c h a r g e d   w i r e s   s p a c e d   f rom  one  a n o t h e r   w i t h i n  

s a i d   c h a n n e l   f o r   p r o d u c i n g   a  c o r o n a   d i s c h a r g e   f o r  

c h a r g i n g   p a r t i c l e s   w i t h i n   t he   g a s e o u s   m e d i u m ,   and  a t  

l e a s t   one  c o l l e c t i n g   p l a t e   s p a c e d   f rom  s a i d   w i r e s   f o r  

c o l l e c t i n g   t he   c h a r g e d   p a r t i c l e s .  

38.  A p p a r a t u s   f o r   p r e c i p i t a t i n g   p a r t i c l e s   f r o m  

a  g a s e o u s   medium  c a r r y i n g   t h e   s a m e ,   c o m p r i s i n g :  



g e n e r a l l y   f l a t   p l a t e   m e a n s   upon  w h i c h   p a r t i c l e s   a r e  

c o l l e c t e d ;   c o n d u c t i v e   s h e l l   means   s p a c e d   f rom  s a i d  

c o l l e c t i n g   p l a t e   m e a n s ,   t h e   s p a c e   b e t w e e n   s a i d   s h e l l  

means   and  s a i d   c o l l e c t i n g   p l a t e   means   d e f i n i n g   a  c h a n n e l  

t h r o u g h   w h i c h   s a i d   medium  p a s s e s ,   s a i d   s h e l l   m e a n s  

h a v i n g   a t   l e a s t   one  g e n e r a l l y   f l a t   s i d e   w a l l ,   s a i d   s i d e  

w a l l   h a v i n g   a  p l u r a l i t y   of  rows  of  o p e n i n g s   t h e r e i n ,  

s a i d   rows  b e i n g   s p a c e d   f rom  one  a n o t h e r   and  o r i e n t e d  

g e n e r a l l y   t r a n s v e r s e l y   of   t h e   f l o w   of  med ium  t h r o u g h  

s a i d   c h a n n e l ;   a  p l u r a l i t y   of  c o r o n a   d i s c h a r g e   m e m b e r s  

l o c a t e d   w i t h i n   s a i d   s h e l l   m e a n s ,   s a i d   m e m b e r s   b e i n g  

c h a r g e d   to  a  s u f f i c i e n t   p o t e n t i a l   to  p r o d u c e   c o r o n a  

d i s c h a r g e   and  p r o v i d e   a  s u p p l y   of  i o n s   f o r   p a s s i n g  

t h r o u g h   s a i d   o p e n i n g s   i n t o   t he   c h a n n e l ,   one  of  s a i d  

m e m b e r s   b e i n g   l o c a t e d   a d j a c e n t   e a c h   of  t he   rows  o f  

o p e n i n g s   so  t h a t   i o n s   p r o d u c e d   by  e a c h   member   p a s s  
t h r o u g h   the   o p e n i n g s   of  t he   a d j a c e n t   a s s o c i a t e d   row;  a n d  

s a i d   s h e l l   means   b e i n g   c h a r g e d   to  a  p o t e n t i a l   s u f f i c i e n t  

to  m a i n t a i n   a  s t r o n g   g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d  

b e t w e e n   s a i d   s h e l l   means   and  s a i d   c o l l e c t i n g   p l a t e   m e a n s  
and  s a i d   o p e n i n g s   b e i n g   s u f f i c i e n t l y   l a r g e   to  p a s s  

e n o u g h   i o n s   t h e r e t h r o u g h   to  c h a r g e   t he   p a r t i c l e s   w h i l e  

no t   so  l a r g e   so  as  to  s i g n i f i c a n t l y   d i s r u p t   t h e  

g e n e r a l l y   u n i f o r m   e l e c t r i c   f i e l d ,   s a i d   e l e c t r i c   f i e l d  

i n f l u e n c i n g   s a i d   c h a r g e d   p a r t i c l e s   t o w a r d   s a i d   p l a t e  

means   w h e r e   t h e y   a r e   c o l l e c t e d   t h e r e o n .  

39.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   38  w h e r e i n  

s a i d   c o r o n a   d i s c h a r g e   m e m b e r s   c o m p r i s e   e l o n g a t e d   t h i n  

e l e c t r i c a l l y   c o n d u c t i v e   s t r i p s   h a v i n g   a  w i d t h  

s u b s t a n t i a l l y   g r e a t e r   t h a n   the   t h i c k n e s s   t h e r e o f ,   s a i d  

s t r i p s   b e i n g   t w i s t e d   a l o n g   t h e i r   l e n g t h   to  p r e s e n t  

u n i f o r m l y   s p a c e d   edge   l e n g t h   p o r t i o n s   t h a t   a r e  

r e l a t i v e l y   c l o s e r   to  s a i d   s h e l l   m e a n s ,   s a i d   p r e s e n t e d  

edge   l e n g t h   p o r t i o n s   e x p e r i e n c i n g   e l e c t r i c a l   f i e l d  

e n h a n c e m e n t   r e l a t i v e   to  t he   p o r t i o n s   of  t he   s t r i p  



i n t e r m e d i a t e   s a i d   p r e s e n t e d   edge   l e n g t h   p o r t i o n s ,   s a i d  

e d g e   l e n g t h   p o r t i o n s   e x h i b i t i n g   c o r o n a   d i s c h a r g e   a t  

d e s i r e d   l o c a t i o n s   g e n e r a l l y   u n i f o r m l y   s p a c e d   a l o n g   t h e  

l e n g t h   of  t he   s t r i p .  

40 .   A p p a r a t u s   as  d e f i n e d   in  C l a i m   38  w h e r e i n  

s a i d   o p e n i n g s   in  s a i d   c o n d u c t i v e   s h e l l   means   a r e  

a r r a n g e d   in  a  p l u r a l i t y   of  r o w s ,   and  a t   l e a s t   one  c o r o n a  

d i s c h a r g e   member  is   p r o v i d e d   f o r   e a c h   row,   so  t h a t   i o n s  

p r o d u c e d   by  s a i d   m e m b e r s   a r e   a d a p t e d   to  p a s s   t h r o u g h   t h e  

o p e n i n g s   in  t he   a s s o c i a t e d   r o w .  

41.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   38  w h e r e i n  

s a i d   c o n d u c t i v e   s h e l l   means   has   two  g e n e r a l l y   f l a t   s i d e  

w a l l s   g e n e r a l l y   p a r a l l e l   to  one  a n o t h e r ,   s a i d   s h e l l  

means   a l s o   h a v i n g   a  number   of  o p e n i n g s   in  t he   b o t t o m  

t h e r e o f   t h r o u g h   w h i c h   p a r t i c l e s   t h a t   a c c u m u l a t e   i n s i d e  

of  s a i d   s h e l l   means   can   be  r e m o v e d   t h e r e f r o m .  

42.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   41  w h e r e i n  

s a i d   s h e l l   means   h a s   s a i d   two  g e n e r a l l y   f l a t   s i d e   w a l l s ,  

and  t o p ,   b o t t o m ,   f r o n t   and  end  p o r t i o n s   w h i c h   a r e   c u r v e d  

to  s m o o t h l y   m e r g e   w i t h   s a i d   s i d e   w a l l s .  

43.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   42  w h e r e i n  

s a i d   s h e l l   means   c o m p r i s e s   a  s t r u c t u r a l l y   r i g i d  

e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l .  

44.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   43  w h e r e i n  

s a i d   s h e l l   means   has   an  i n c r e a s e d   n u m b e r   of  o p e n i n g s   i n  

t he   d o w n s t r e a m   r e g i o n   of  t h e   b o t t o m   of  s a i d   s h e l l   m e a n s  

t h r o u g h   w h i c h   s a i d   medium  can  e n t e r   f o r   r e p l e n i s h i n g   t h e  

g a s e o u s   f l u i d  t h a t   f l o w s   t h r o u g h   t h e   o p e n i n g s   in  s a i d  

s i d e   w a l l s   d u r i n g   o p e r a t i o n   of  s a i d   c o r o n a   d i s c h a r g e  

m e m b e r s .  

45.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   42  w h e r e i n  

e a c h   of  s a i d   s i d e   w a l l s   has   s a i d   rows  of  s a i d   o p e n i n g s  

t h e r e i n ,   w i t h   rows  of  one  s i d e   w a l l   b e i n g   a l i g n e d   w i t h  

c o r r e s p o n d i n g  r o w s   of  t he   o t h e r   s i d e   w a l l ,   so  t h a t   e a c h  

of  s a i d   c o r o n a   d i s c h a r g e   m e m b e r s   is  a d a p t e d   to  p r o v i d e   a  



s u p p l y   of  i o n s   f o r   p a s s i n g   t h r o u g h   o p e n i n g s   in  e a c h   s i d e  

w a l l .  

46.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   43  w h e r e i n  

s a i d   m a t e r i a l   c o m p r i s e s   s t e e l   or  a l u m i n u m   h a v i n g   a  

t h i c k n e s s   w i t h i n   t h e   r a n g e   of  a b o u t   1 / 1 6   i n c h   to  a b o u t  

1 /4   i n c h .  

47.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   39  w h e r e i n  

t he   l o c a t i o n   of  s a i d   p r e s e n t e d   edge   l e n g t h   p o r t i o n s   o f  

s a i d   c o r o n a   d i s c h a r g e   m e m b e r s ,   c o u p l e d   w i t h   t h e   s p a c i n g  

b e t w e e n   a d j a c e n t   rows  of  o p e n i n g s   p r o v i d e s   a  g e n e r a l l y  

u n i f o r m   d i s t r i b u t i o n   of  i o n s   p a s s i n g   t h r o u g h   o p e n i n g s  

o v e r   a  s u b s t a n t i a l   p o r t i o n   of  t h e   a r e a   of  s a i d   s i d e   w a l l  

in  o r d e r   to  c h a r g e   t he   p a r t i c l e s   in  t h e   medium  in  a  

g e n e r a l l y   u n i f o r m   m a n n e r .  

48.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   41  w h e r e i n  

s a i d   o p e n i n g s   c o m p r i s e   e l o n g a t e d   s l o t s ,   t he   e n d s   o f  

w h i c h   a r e   s e p a r a t e d   by  web  p o r t i o n s   of  s a i d   s h e l l   m e a n s .  

49.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   48  w h e r e i n  

t h e   web  p o r t i o n s   b e t w e e n   a d j a c e n t   s l o t s   of   a  row  a r e  
o f f s e t   r e l a t i v e   to  web  p o r t i o n s   of  a d j a c e n t   r o w s .  

50.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   48  w h e r e i n  

s a i d   e l o n g a t e d   s l o t s   have   c u r v e d   o u t e r   p o r t i o n s   s m o o t h l y  

m e r g i n g   w i t h   t h e   o u t e r   s u r f a c e   of  s a i d   s h e l l   means   t o  

m i n i m i z e   d i s t o r t i o n   of  t h e   u n i f o r m   e l e c t r i c   f i e l d .  

51.  A p p a r a t u s   as  d e f i n e d   in  C l a i m   38  w h e r e i n   a t  

l e a s t   t he   d o w n s t r e a m   p o r t i o n   of  t he   c o l l e c t i n g   p l a t e  

means   i n c l u d e s   a  p l u r a l i t y   of  s p a c e d   a p a r t   v e r t i c a l   r i b s  

e x t e n d i n g   i n w a r d l y   t o w a r d   s a i d   s h e l l   m e a n s   to  m i n i m i z e  

t h e   r e e n t r a i n m e n t   of  p a r t i c l e s   back   i n t o   t he   m e d i u m .  
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